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Distribution of Thunderstorms over England and Waies, 1871-1887. 

By WILLIAM MABBIOTT, F.B.M6t.Soc., Assistant Secretary. 



[Bead NoYcmber 20th, 1889.] 

In 1888 the Boyal Meteorological Society commenced the collection of 
systematic observations of Thunderstorms over England and Wales. A 
large mass of valuable information has already been obtained, 'which is 
now being tabulated and plotted on maps ready for discussion. This will 
a£ford data for ascertaining the monthly and hourly frequency of thunder- 
storms, and also for tracing their path across the country. 

Some four or five years ago I commenced extracting from Symons* BritUh 
Rainfall and from the Registrar- General's Quarterly Returns of Births 
and Deaths all the dates on which thunderstorms were reported to have 
occurred at any station in the British Isles. Other duties, however, pre- 
vented me from continuing and completing the work. On the appointment 
of the Thunderstorm Committee, I placed before them the information which 
I had collected. The Committee considered it desirable that this work for 
England and Wales should be extended and completed up to the end of 1887. 
This has now been done, and the results are now submitted. 
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.^ AIT- tfee' returns from the Society's Second Order and Climatological 

^ .Stations have been carefully examined, and the dates of the occurrences of 

, ** I-/thrinderstorms extracted. These stations from about 1877 have furnished 

•/•." valuable data, which have formed a good working basis; and with these 

have been incorporated the dates extracted from the Observations from 

Stations of tlie Second Ord^r published by the Meteorological Office. 

In this investigation only the number of days on which thunderstorms 
occurred have been dealt with. All notices of thunderstorms, thunder 
without lightning, lightning without thunder, and sheet, or distant, lightning, 
have been grouped together as " thunderstorms." 

The stations have been arranged according to the Divisions adopted by 
the Registrar-General of Births and Deaths, the same arrangement as is 
employed in Symons' British Rainfall. Thare are eleven Divisions, which 
contain the following Counties : — 

Division. Counties. 

I. Middlesex. 

II. Surrey, Kent, Sussex, Hampshire, Berks, 

m. Herts, Buckingham, Oxford, Northampton, Huntingdon, Bedford, 

Cambridge. 

IV. Essex, Suflfolk, Norfolk. 

V. Wilts, Dorset, Devon, Cornwall, Somerset. 

VI. Gloucester, Hereford, Shropshire, Stafford, Worcester, Warwick. 

Vn. Leicester, Rutland, Lincoln, Notts, Derby. 

VJLLl. Cheshire, Lancashire. 

IX. Yorkshire. 

X. Durham, Northumberland, Cumberland, Westmoreland. 

XI. Monmouth, and Wales. 

It will be seen that the Divisions are not by any means of the same size. 
No. I. consisting only of the small county of Middlesex, while 11. and V. together 
comprise the whole of the South of England. It must be borne in mind 
that although some of the Divisions may be large, the population is sparse, 
and consequently there is a great lack of observers. On the whole, however, 
there has been a fair distribution of stations, the yearly average number of 
reporting stations for the 17 years being 148, which were distributed as 
follows : — 

Divisions ... I. n. m. rv. v. vi. vn. vm. ix. x. xi. 

No. of stations 6 26 10 11 27 18 13 8 9 10 10 

Tables I. to XI. give the monthly and yearly number of days on which 
thunderstorms or sheet lightning were recorded in each Division during the 
17 years, 1871-1887. 

The yearly distribution is shown graphically in Fig. 1. The years of 
greatest frequency were 1880, 1882, 1884, and 1872 ; and the years of 
least frequency, 1887, 1874, 1879, and 1871. The most striking feature in 
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this diagr&m is the aee-saw natore of the ourveB, jearB of greater or lesB 
freqnenc; alternating rsgnlarly throaghoat nearly the whole of the period. 

The average yearly namber of tbimderstorms ia abont 89. The Divisions 
with the greatest yearly frequency are ET, with 5&'i, V. with 52-8, and X. 
with 60-1. The Divisions with the least yearly freqaency are I. with 17'9) 
Vm. with 28-6, and IX. with 82-7. (Fig. 8.) 

The monthly distiihntion is shown graphically in Fig. 2. The month 
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with the greatest number of thnndeiBtorms in all Divisions ia July, except 
in Division XI. when it is Angaat. The months with the least nnmbor of 
timnderstorms are Febmary and December. The former month is, however, 
shorter than the latter by 8 days. 
By dividing the year into two halvea, viz. April to 8flpt«mber, and 
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October to M&rcb, we get the frequency of summer and winter thunder- 
Btonns respectiTely. The figures are as follows : — 

Division. I. n. m. rv. v. vi. vn. vm. ix. x. xi. 

Summer ...15-9 43-7 29-9 34-1 860 82-8 81-9 21-9 26-0 890 2iG 
Winter 2-0 14-7 6-1 7-9 16-3 7-2 6-9 6-7 6-7 111 89 

The Divisions which have the greatest number of summer thnnderstorms 
are U. with 48-7, X. with 89-0, V. v.ith 860, and IV. with 341 ; the 
Divisions which have the least nnmher are I. with 16-9, "Vlll. with 21-9, 
XI. with 24-6, and IX. with 26-0. 

The Divisions which have the greatest nomber of winter thunderstorms 
are V. with 16-8, II. with 14*7, and X. with 11*1 ; the Divisions with the 
least number being I. with 2-0, VII. with 6-9, and IH. with 6-1. (Fig. 4.) 




Fm. 8. 



Tbis Report being entirely Btatistioa], no attempt has been mado to 
generalise or draw conclusions &om the figures. The observations which 
are now being collected bj the Society are being carried ont on a systematic 
plan, and will afford data for a macb more detailed examination of thunder- 
storm phenomena. 
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DISCUSSION. 
Mr. Whipple Baid, that in ft pspcr read by liimBclf before tlic Societj, in 
Janimry 1H88 (Qunrttr/y Joumai, Vol. X!V. p. 92), in which he hnd discnssed 
the information contained in the Symbols TableB published in the Meleorolcgical 
lieconl, tables wonld lie found similav to tliofe compiled by Mr. Marriott, The 
mnterial used in hia oirn investigation was much le.'S copious than that which 
Mr. Marriott had employed, ihe Symbols Tables only eilciiding from 1878 (o 
1885. The divisions or districts he had adopted, vrerc those known as the 
Meteorolofpcal Uftice Districts. It was a pity that this system of districts had 
not been adhered to by Mr. Marriott, as some compnrison between his own results 
and those contained in the present report could have tlien been made, but the 
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adoption of the Registrar GeneraFs Divisions made any comparison impossible. 
He considered it would have been better, in a small territory like the British 
Isles, if thunderstorms had been treated separately, and occurrences of sheet 
lightning and distant thunder kept distinct. The occurrence of sheet lightning 
in a particular district did not necessarily involve that a thunderstorm was 
experienced there, for it frequently happened that the storm was a long way off. 
He remembered Mr. Symons quoting an instance in which the reflected lightning 
of a thunderstorm in progress in the English Channel near the French coast 
was seen as far distant as the more northern of the Midland counties. He was 
sorry that so much labour had been devoted to this investigation, and no 
distinction made between thunderstorms and sheet lightning. 

Mr. Bbodie regretted that Mr. Marriott should have adopted for meteorological 
purposes the districts selected for entirely different uses by the Registrar General. 
The divisions were doubtless chosen origintdly with a view to securing a fairly 
equal distribution of population. The result of the present investigation seemed 
to show that, the larger the district, the greater number of days with thunder- 
storms ; and the values for the different divisions were therefore in no way 
comparable. He was also sorry that sheet lightning had been included under 
the head of thunderstorms, the former being often observed when there was no 
thunder at all in the neighbourhood. 

Mr. Scott remarked, in reference to Mr. Brodie's observation regarding sheet 
lightning, that in his opinion sheet lightning was always the reflection of an 
ordinary flash, as he did not know what other electrical discharges could occur. 
A discussion on the subject had taken place at the Vienna Congress, the outcome 
of which, however, had not been quite m accordance with his (Mr. Scott's) views. 
Mr. BuCHAN considered that results had been obtained from Mr. Marriott's 
discussion which no future observations would alter. The maps clearly indicated 
the parts of the eountry subject to winter thunderstorms, and the curves made it 
plain that July and August were the months of greatest frequency of thunder- 
storms, there being no decided increase until after the summer solstice. The 
only true way of discussing such observations was by taking results from 
individual stations. Regarding the difference of opinion concerning the divisions 
adopted, it appeared that the Meteorological Office divided the country for one 
purpose and the Registrar General for another, and it became our duty to' dis- 
cover the best way of dividing the country for the purpose of meteorological 
investigations. He believed that all distant thunder should be included with 
thunderstorms, as thunder could not be heard at any great distance, but the 
inclusion of sheet lightning under the head of thunderstorms was certainly 
unadvisable, as he was of opinion that 80 per cent, of sheet lightning was 
unaccompanied by thunder. He then referred to the results of an examination 
he had made of the observations of lightning at Oxford, and made some remarks 
concerning the diurnal variation of thunderstorms at this place and on the dis- 
cordance of the facts deduced from observation with the theories of electricians. 
Dr. Tripe said that the investigation of thunderstorm phenomena was in its 
infancy, and even the following of wrong methods was not without its use, for 
it served to show what should be done. The curves clearly illustrated the fact 
that July was the month of maximum days of thunderstorms in all districts 
except in Wales, where the maximum occurred in August, and it was possible 
that the mountainous character of the Welsh districts might have sometliing to 
do with bringing about this difference. Tiiere was no doubt that Middlesex was 
much too small a division to be compared with the others. The observations 
collected might, however, be transferred to Divisions Nos. 2 or 3. The number 
of years discussed rendered the observations more valuable than if a shorter 
period had been taken, such as that during which our own climatological stations 
had been at work. 

Mr. Symons said that he had no idea that the question of divisions would be 
brought forward, and he was not prepared to discuss there and then the merits 
of either the Meteorological Office districts or tlic Uegistrar General's divisions ; 
but it must be remembered that the former were of comparatively recent forma- 
tion, whereas the latter date from 1839. As regarded the paper itself, he agreed 
with the remarks which fiad been made by Mr. Buchan, with the exception of the 
one concerning the occurrence of sheet lightning at Oxford. He should much 
like to know if any special means were taken to watch the weather continuously 
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from say 6 or 7 p.m., when the BtafF would probably have ceased routine duties 
for the aay until the next morning, otherwise the increase of recorded occurrences 
of lightning between 8 and 9 p.m. was possibly due to the fact that the evening 
observations were taken about these hours, so that conditions would" then be 
favourable for the observation of electrical phenomena. He was sony sheet 
lightning had been included under the head of thunderstorms, as lightning was 
frequently visible over a very large area. 

Mr. BiJCHAN remarked that he had examined the records of 180 places distri- 
buted over the globe in order to ascertain the diurnal variation of the occurrence 
of thunderstorms, and had found the results obtained corroborated those deduced 
from the Oxford observations. 

Mr. Glyde remarked that sheet lightning must often occur in the day time, 
but the light prevented it from being seen. Regarding the distance at which 
thunder could be heard, he said that he remembered hearing thunder on one 
occasion, which, according to the ordinary method of calculation, was at least 
22 miles distant. 

Mr. Mawley remarked that if Mr. Marriott's treatment of the observations 
was as mistaken as it had been said to be, it seemed to him a curious coincidence 
that the curves for the different districts should support each other so remarkably 
well as they did in both diagrams. 



On the CHANGE OF MEAN DAILY TEMPERATURE WHICH 
ACCOMPANIES THUNDERSTORMS IN SOUTHERN 

ENGLAND. 

By G. M. WHIPPLE, B.Sc, F.R.A.S., F.R.Met.Soc, 
Superintendent of the Kew Observatory of the Royal Society. 



[Received October 16th.— Bead November 20th, 1889.J 

This brief communication is submitted to the Royal Meteorological Society 
as the result of a somewhat cursory examination of the records of the Kew 
Observatory for the past ten years, 1879 to 1888 inclusive, with the view of 
investigating the effects of thimderstorms on the local mean daily tempera- 
ture. 

It is very generally quoted as a weather proverb that English climate in 
summer is made up of sequences of, first three hot days and then a thunder- 
storm. Tliere is also a widely-spread belief that thunderstorms cool the 
air. Both those statements now appear to be in great measure fallacious. 

Without in any way classifying the storms, either according to season, 
to their being cyclonic or anticy clonic, line storms or otherwise, the author 
has taken the Observatory MS. Journals and extracted the dates of the 
actual storms of thunder and lightning which directly passed over the Kew 
Observatory, omitting all those cases where the entries wore merely those of 
* distant thunder,' * sheet lightning,' or of * thundery -looking clouds observed.' 

This done, tho mean temperatures for differences wero then taken, and 
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Table I. formed, in which the following values are given : — ^In column 1 , the 
date of the thunderstonn ; column 2, the amount of change of mean tempera- 
ture between that day and the day preceding ; column 8, the similar change 
between the mean temperature of the two days prior to and the two days 
subsequent to the storm ; finally, column 4 shows the similar amount of 
change between the mean of three days before and the mean of the three 
days after its occurrence. 

TABLE I. 
Chakqe of Temfebatube accompanying Thundebstobmb. 



Date. 


Change. 




Date. 


Change 


• 


In 


In 


In 


In 


In 


In 




I day. 


2 days. 


3 days. 






I day. 


2 days. 


3 days. 


1879. ^^y 14.... 


— 2« 


-3" 


— 1° 


1884. 


June 29.... 


-5° 


—2° 


1° 


It 2o , , . . 


+ « 


+ ^ 


+ 1 




July 6.... 


—4 





— I 


Jane 24.... 





— 2 







i» ^4* • • • 


—6 


—9 


-7 


July 2 . . . . 


— I 


— 2 


— 2 


1885. 


Jan. 31.... 


—4 


— 2 


—4 


Aug. 2 . . . . 


— 2 


— I 


— 3 




May 16.... 


— I 


— I 





Deo. 30..,, 


—6 


+ 3 


+ 7 




Aug. 6-7 .. 





+3 


+3 


1880. April 6-8 .. 


— I 


— 5 


— 6 




It 20. * . . 


+» 





—3 


July I . . . . 


—3 


— 4 


— 4 


1886. 


April 22 ... . 


—1 





+3 


»» 15 » • • • 





+ » 


+ » 




May 22, 23 




-I 


—4 


— 2 


»i 21 ... , 


+1 


— I 


— I 




June I . . . . 




-3 








Sept. 13.... 


—3 


— 5 


— 6 




July 25.... 




-I 


—4 


—5 


1881. May 28.... 


+1 


— I 


+ I 




Sept. 4.... 




-4 


+3 





Jnne 6 . . . . 


4 


—13 


—14 


1887. 


May 3 . . 




hS 


+4 


+4 


July 5-6 . . 


—4 


— »3 


— 11 




,1 21 ... . 


—4 


— I 





1882. June 9 .... 


— S 


— 2 


— 4 




Aug. 17.... 


— 2 


—3 


— I 


1883. June 9.... 


+1 


ti 


t.' 


1888. 


March 14 . . 


+8 


+1 


—3 


n i9. 30 


+7 




April 18-19 


—4 


—5 


3 


July 3 


— I 


7 


6 




June 25.... 


+7 


— 2 


— I 


» 14-15 


—6 


— 3 


— 4 




1, 25 . . • • 


— 2 


—6 


—9 


Aug. 8 . . . . 


—4 


— 4 


— 4 




July 5-6 . . 





—4 


—2 


1884. Feb. 11.... 


— I 


+ 3 


+ 4 




„ 16-18 


t* 


+2 


+» 


April 3 


— 2 


— 3 


— I 




»» *^ .... 


t. 





— I 


It 27 • . • t 





+ » 


ti 




„ 30.... 


—4 


—4 


May 5 . . . . 


—4 







Aug. 30.. .. 





— 1 


— I 



In all cases a rise of ten "^erature in the interval is indicated by -\- and a 
fall by — . The result derived from the discussion of 48 storms in the 10 
years is found to be as follows : — 

TABLE n. 



Aggregate Change of Temperature in 




I Day. 2 Days. 3 Days. 


Bifle 


—80 


+ 35° '+ 44° 

—117 ;— 115 


FaU 




Difference 


-29 


— 8z — 71 


Mean 


-o°-6 


— 1°7 — 1°-5 



We have, then, as the general effect of a thunderstorm a reduction of mean 
temperature of the air of 0°*6 on the day on which it occurs, of V'7 two 
days, and of 1^*6 three days afterwards. 
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The above figures represent the actual lowering of temperature in the 
mean, but in order to show how far these facts may be expected to obtain we 
have prepared the following table : — 

TABLE III. 



Number of Cases when the 






I Day. 


2 Days. 


3 Days. 


Total. 


TcmDeratore rose ....••. i6 


12 


11 


41 

79 
22 


'ell 19 

,, was constant 11 


30 30 
6 1 5 



It may, therefore, finally be concluded that a thunderstorm is accompanied 

by 

A rise of temperature in 29 per cent, of instances 
A fall „ 60 „ „ 

Does not affect the moan 15 ,, ,, 

and that, therefore, the proverbs respecting the supposed influence of these 
electrical phenomena upon the general temperature of the air in the South of 
England are hardly borne out by the facts, but must be relegated to the lunar 
influence class of popular sayings. 

Incidentally it may be noted that the average number of thunderstorms 
passing annually over the Eew Observatory is 4*8. In the paper read before 
the Society in January, 1888,' the author, in discussing the weather of England 
and Wales for the period 1878-1885, obtained 4 as the mean number of 
thunderstorms annually observed in District V. or Southern England. The 
diflbrence of 0'8 is probably due to the exceptionally large number in 1888 
which increased the average by that amount. 

(The observations have been extracted from the register by permission of 
the Meteorological Council.) 



DISCUSSION. 

Mr. Blanford said that, as he understood the aathor^s account of it, the 
paper did not clearly show whether, and to what extent, thunderstorms had a 
cooling effect on the atmosphere. Thunderstorms usually occur in the late hours 
of the afternoon, and in taking the mean temperature of the day the high tempe- 
rature of the hours preceding the storm is in a great measure neutralised by the 
coolness that follows. He knew, from experience, that in the Tropics the effect 
of a thunderstorm upon the temperature of the air is very great, and he had seen 
the temperature fall 20*^ in as many minutes on the approach of a storm. The 
method of comparison of mean temperatures followed by Mr. Whipple did not 
seem suited to the inquiry, for in order to ascertain the cooling effect of a 
thunderstorm it would surely be most correct to compare the temperature shortly 
before the thunderstorm with that registered shortly after the storm had passed, 
after allowing for the normal diurnal fall of temperature, according to the hour 

of the day. 

Mr. Curtis remarked that in immediate connection with thunderstorms large 
sudden falls of temperature were frequently recorded by thermographs, and at 
Kew such falls had been registered which were as large as those described by 

I Quarterly Jourmal^ YoL XIV. p. 92. 
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Mr. Blanford. With regard to the method Mr. Whipple had adopted for 
making his comparison, he considered it was open to grave objection, as it was 
liable to mask such changes as really did occur. 

Mr. BucHAN described some investigations he had made into thunderstorms 
experienced in Scotland, mentioning one case in particular in which the rainfall 
was terrifically heavy over an extremely small area, and stated that he had found 
that these storms were really very small cyclonic centres, sometimes only 
amounting to a barometric depression of two or three hundredths of an inch. 
He had noticed that when the relation between the direction of the wind and the 
isobaric lines was irregular over a limited area, these thunderstorms should be 
looked for. 

Mr. HuTCHiNS said that his experience in Cape Colony certainly seemed to 
bear out the assertion that after three oppressive hot days a thunderstorm might 
be expected, followed by a decidedly cooler atmosphere. He had had charge 
of a thermograph in an eastern part of the Colony, and had often registered 
temperatures of 100° to 105°, and had seen this temperature reduced to 80° or 
75° on the occurrence of a thunderstorm. 

Mr. Whipple, in reply, said that the purport of his inquiry had been entirely 
misunderstood. His results had no connection with temperature changes on the 
day of the thunderstorm, and the object was really to investigate the truth of the 
popular idea that after three hot days a thunderstorm would follow, after which 
the temperature would be cooled down. He had done this, and was now able by 
means of the figures he had obtained to satisfactorily answer any enquiries or 
remarks having reference to this generally accepted idea. The figures proved 
tfiat this notion was hardly correct, for the day's temperature was never lowered 
more than a couple of degrees, sometimes the decrease only amounted to half a 
degree, and very frequently there was no decrease whatever. He was perfectly 
aware that the temperature frequently fell 15° or 20° when a heavy thunderstorm 
or hailstorm occurred, for in his long experience with thermograms at Kew 
Observatory he had repeated opportunities of observing such sudden changes 
in the curves, but with this change of temperature he was not dealing iu his 
paper. 



NOTE ON AN APPEARANCE OF 8T ELMO'S FIRE 

Seen during a Thunderstorm at Walton-on-the-Naze, on September Srd, 

1889. 

By W. H. dines, B.A., F.R.Met.Soc. 



[Beceived October 8th.~Bead November 20th, 1880.] 

DuBiNo the thonderstorm of September 2nd and Srd, a decided glow was 
apparent at times upon tho metal cross of the Congregational Church, oppo- 
site to which I happened to be staying. The cross in question is about 8 ft. 
above the roof, and 40 ft. to 50 ft. from the ground, and the light seen upon 
it was similar, both in appearance and intensity, to that of the planet Venus 
when seen through a slight haze. 

Lightning was very frequent throughout the night, but although often 
within two miles distance, it was not very vivid before 2.30 a.m. on the 8rd. 
About 8 a.m. it became evident that a very severe storm was occurring a few 
miles to the southward, and about the same time the light on the cross was 
first noticed. It appeared perfectly steady and unaffected by the lightning, five 
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or six flashes of which often occurred within the minute. As the storm came 
overhead, the light disappeared, or at least could not be seen. I feel certain 
it really disappeared, but the lightning was so frequent and vivid that it was 
very difficult to see anything at all between the flashes. As the storm became 
less severe the light reappeared, but was extinguished for a few seconds by 
each flash. This continued until daylight, when the phenomenon became in- 
visible. 

The metal cross was not an especially prominent point, but it was the only 
prominent point visible from the window from which I watched the storm. 
There was no lightning conductor on the chapel, but it was raining hard most 
of the night, so that there would be fairly good electrical communication with 
the ground. 

Unfortunately, I left Walton early on the morning of the drd, and was un- 
able to learn whether any similar appearance had been seen in other parts of 
the town, or whether much damage had been done by the storm. 



■> 



NOTES ON OIRRUS FORMATION. 

By H. HELM CLAYTON, of the Blue Hill Observatory, Mass., U.S.A. 

(Communicated by A. Lawbbnge Botoh, B.Sc., F.B.Met.Soc.) 

(Plate I.) 

[Beoeived November 4th»Bead November 20th, 1889.] 

The following is extracted from the notes and drawings made by the writer, 
who during the last few years has made a special study of cloud forms and 
their changes. These notes and drawings were made immediately after the 
observations, and sometimes after intently watching the slow changes of 
certain cloud forms for several hours. The observations were all made at 
the Blue Hill Observatory^unless stated to have been made elsewhere. 

Notes on the formation of Cirrus in a previoiuly cloudless sky. 

On July 2nd, 1888, at 1 p.m., the sky was almost cloudless when cirrus 
began to appear on the west horizon, and although moving from the north, 
rapidly extended toward the zenith. At 8 p.m. the cirrus were apparently 
forming directly overhead. At this time there were some broad cirro-stratus 
bands in [the west extending from 190^ azimuth, or almost exactly from 
north, and diverging from the nearer one of these were a series of cirrus 
bands radiating from 140° azimuth, or from north-west and extending 
toward the zenith. These latter were closely watched between 8 and 4 p.m., 
and new bands and fibres were distinctly seen to form directly overhead. 
Cirrus fibres would suddenly form at certain points, generally a little east of 
the eastern end of existing bands, and appear as thin, barely visible, hazy 
forms, which would rapidly increase in extent and density ; while at other 
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points th^ cirrus fibres were undergoing no change or were perhaps slowly 
dissolving. When the observations were begun the ends of the cirrus bands 
scarcely reached the zenith, but by 4 p.m. the bands extended far beyond the 
zenith toward the east, although they were moving from slightly east of 
north. While these formations were going on there were evidently two 
different currents near together in the upper air, moving with different 
velocities and in a slightly different direction. At 8 p.m. one portion of 
cirrus was found moving from 185^ with a relative velocity of 8 on the scale 
used at Blue Hill Observatory ; while soon after another portion was found 
moving from 191^ with a relative velocity of 11. Also certain portions of 
the cirrus were seen to approach others, indicating difference of velocity. 
About 8.10 to 8.20 p.m. a short, broad band of cirrus, radiating from 190^, 
formed overhead, and the cirrus fibres in this were apparently those moving 
with the relative velocity of 11. This band very quickly moved off to the 
south and disappeared. The cirrus fibres which were formed radiated 
mainly from the same direction as the bands near the zenith, namely from 
140° azimuth. They were not straight, however, but generally somewhat 
curved or curled, with the ends pointing toward the west. Between 8.80 
and 8.50 p.m. there were several varieties of cirrus, namely straight cirrus 
fibres, cirrus plumes (Plate I., Fig. I. a), and cirrus with central bands and fibres 
diverging at right angles (Fig. I. b). The eastern ends of many of the bands 
were bent toward the south, or in the direction toward which the cirrus were 
moving. These phenomena seemed to indicate that a rapidly moving current 
was pushing under another current, and at the plane where the two currents 
came in contact the air was thrown into little eddies and streams, which at 
the same time were slowly elevated, and had their moisture condensed into 
cirrus fibres. Cirrus were observed to form overhead in a somewhat similar 
manner between 8 and 6 p.m. of April 19th, 1889. Cirrus fibres were also 
seen to form in a previously cloudless sky at Murfreesboro', Tenn., in the 
summer of 1888. On this occasion the early morning was cloudless. 
About 8 a.m. cumuli began to form, and about 9 a.m. a few cirrus fibres 
appeared near the zenith. These were closely watched, and around them 
new fibres were seen to be forming, elongating, and interlacing with pre- 
viously formed fibres, until within a few hours the sky was covered with a 
network of cirrus. 

The formation of Cirrus bands with cross fibres. 

The writer has also observed the formation of cirrus bands in a previously 
nearly cloudless sky. On March 81st, 1887, at 2 p.m., cirrus was seen to 
be forming in the south-west, with the area of formation extending toward the 
zenith. Between 2 and 8 p.m. the process was closely watched near the 
zenith, and it was seen that short parallel fibres would first appear (Fig. II. a). 
and then fibres would cross them (Fig. 11. b). The formation was accom- 
panied by an increase in the relative velocity of the cirrus, and the shorter 
bands near the zenith were moving from a slightly different direction to the move- 
ment of the bands near the horizon. An ahnost exactly similar process of cloud 
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formation was observed near the zenith on March 25th, 1888, at 8 a.m. On 
February 28rd, 1887, at 11 a.m., cirrus were observed which consisted of 
straight fibres arranged parallel to one another so as to form long bands (Fig. 
n. c). Some of these had cross fibres extending in the direction of the larger 
axis of the bands ; and these were fonnd to be moving in the same direction, 
but with only about half the velocity of the other fibres, though both were 
moving with unusual rapidity. Soon after 11 a.m. nearly all of the fibres 
assumed the direction of the longer axis of the bands, namely from azimuth 
of 115°, or nearly North-west. At 8 p.m. these were again noticed to be 
crossed by short transverse fibres, which appeared to be moving in the same 
direction and with the same velocity. 

On December 11th, 1886, a band with cross fibres was observed (Fig. 11. d). 
On this occasion, the cross fibres were found to be moving from a direction 
slightly dififerent to that of the fibres extending in the direction of the long 
axis of the band, and this was thought to be their cause. 

The formation of Cintis from cirro-cumulus clouds. 

The formation of cirrus from clouds of the cirro-cumulus or cumulo-cirrus 
type has been repeatedly observed. The following are some forms 
observed (Fig. III., a, h, c, rf, e,f) : — 

These forms apparently all resulted from descending clouds. The heavy 
particles fell fastest and succeeded one another on account of the less 
resistance, and thus formed long fibres which were usually carried backward 
from the cloud on account of the decrease of wind velocity with lower 
altitude ; but in the form *• a," which was observed at Murfreesboro', Tenn., 
during the summer of 1882 the fibres hung almost perpendicularly under 
the cloud. The appearance was the same in all parts of the sky, and evi- 
dently not due to perspective. On watching these, clouds it is seen that the 
fibres continuously move outward from the clouds until the entire cloud is 
drawn out into pure cirrus. In the form **/," which was "observed August 
16th, 1889, the fibres on one side were visibly lower than the cloud, while 
on the other they were visibly higher. In this case, the cloud was evidently 
descending into a more rapidly moving current. The lower portions were 
carried in advance of the cloud, while the upper portions were retarded and 
drawn out into fibres in the rear of the cloud, so that the cloud assumed the 
appearance of what has been called ** cat's-tail cirrus." 

Cirrus drawn out from cumulus chuds. 

Several times cirrus has been observed to elongate outward from the top 
of cirro-cumulus clouds, being apparently drawn outward by a more rapid 
current at the top than at the base of the cirro-cumulus. The following 
was observed on July 8rd, 1888, and a similar formation of cirrus from the 
tops of bands of cirro-cumulus has been observed on several previous 
occasions (Fig. HI. //) : — 

From the top of almost every well -developed shower cloud cirrus fibres 
may be seen extending. The writer has also repeatedly seen cirrus fibres 
drawn out from small cumulus clouds. Such clouds were observed on 
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January 1st and AprU 16th, 1888, February 18th and 28rd, 1889 ; and at 
Ann Arbor, Micb.» once in February, and once in April, 1886. On most 
of these occasions the temperature was low, being near and sometimes 
below zero Fahr., and this was thought to be the reason why the difference 
of wind velocity in different portions of the cloud could draw the cloud 
matter out into long fibres before dissolving by evaporation. 

Notes on the formation of ** mare* 8-1 ail '* cirrus. 

By " mare*s-tail " cirrus are meant those which have curved forms (Fig. IV.). 
On April 12th, 1888, from 7 to 9 a,m., the relative velocity of the cirrus 
increased from 8 to 18 on the scale used at Blue Hill Observatory, and at 9 
a.m. it was noticed that the front ends of all the cirrus bands were bent 
backward. This suggested that the cause of curved ** mare^s-tail ** cirrus 
was that the current in which the cloud floated moved with a greater velocity 
than the air immediately in front of it, and as it came in contact with this 
air was deflected to one side and thus distorted the clouds, giving them a 
curved appearance. This conclusion appears to have been fully confirmed 
by subsequent observations. On May 8rd, 1888, the cirrus slightly in- 
creased in velocity between 6 and 6 p.m., and at 6 p.m. the front of the 
cirrus fibres were bent backward. On May 20th, at 7 a.m., the cirrus were 
curved backward and were evidently increasing in velocity. The relative 
velocity measured at 7 a.m. was found to bo 10 ; at 7.6 a.m., 12 ; at 7.16 
a.m., 16 ; and at 7.20 a.m., 17. On May 22nd the cirrus were found 
alternately curved backward and forward at short intervals of time. No 
perceptible changes in velocity were measured. On May 24th, between 8 
and 9 a.m., the relative velocity of the cirrus increased from 6 to 8. At 8.80 
a.m. the front of the cirrus fibres were curved backward. On June 3rd, at 
6 p.m., the rear ends of the cirrus were curved forward, and it was found 
that the cirrus were slowly decreasing in velocity. On June 18th, at 8.80 
p.m., cirrus in the east were curved forward, while cirrus in the west were 
curved backward. At 4 p.m. it was found that cirrus in the east were moving 
with a relative velocity of 4, while cirrus in the west were moving with a 
relative velocity of 7. 

A number of observations similar to the foregoing have been made. 

These curved cirrus, when accompanied by decreasing barometric pressure, 
frequently indicate that a storm of increasing energy is approaching. 



DISCUSSION. 

The President (Dr. Marcet), after remarking on the progress of meteorology 
in the United States of America, and the facilities afforded in that country for 
the study and elucidation of meteorological questions, inquired whether any acces- 
sion of relative humidity followed or accompanied the formation of cirri in a 
clear sky, as he had noticed when on the Peak of Tenerife that the appearance 
of a small cloud in what had previously been for many days a clear blue sky was 
followed on the next day by an increase in the relative humidity of the atmo- 
sphere. 

Dr. Tripe remarked that the statement in the last paragraph of the 
paper that the curved cirrus with a falling barometer presaged a stoim of 
increasing energy, hardly accorded with his own observations, for he had several 



20 DISCUSSION — MOTES ON CIRBUS FORMATION. 

times noticed that straight, not curved, bands of cirrus, with very thin cloud 
between each band, and through which the bUie sky could be seen, usually foretold 
the approach of a severe storm. 

Mr. Whipple said that the question of cirrus formation had interested 
him very much for the past three or four years, and he was very pleased to 
hear Mr. Clayton's paper. The Meteorological Council, about four years ago, 
had asked the Kew (Committee to devote attention to the photography of 
cirrus clouds, with a view to obtaining some knowledge of their height, rate of 
travel, &c. Much work was entailed by this inquiry and a considerable number 
of photographs were taken, but he was afraid hardly any results had been 
obtained. It frequentlv happened that, although all haste was made when con- 
ditions were favourable to obtain these pictures, all traces of the cirri had 
disappeared by the time the persons engaged in the work were ready at 
their posts ; and even when pictures of the cloud were obtained, the changes 
in its form were so rapid that it was very difficult to identify the selected points 
of cloud in the various photographs taken. He had now set one of his assistants 
at Kew, who was a fair draughtsman, to sketch the cirri. He was very glad to 
find that Mr. Clayton had been so successful in describing and drawing the 
various formation of cirrus. 

Mr. RoTCH (replying for Mr. Clayton) said that no relation between cirrus 
formation and the relative humidity of the atmosphere had been noted, but this 
could easily be investigated by means of the records of humidity registered at 
hourly intervals at the Blue Hill Observatory. However, it did not appear 
probable that the conditions near the ground would be affected by cloud form- 
ation at the height at which cirrus was believed to be, and that such variations 
in the humidity of the upper air might be better detected by means of the rain- 
band spectroscope. 



A COMPARISON BETWEEN THE JORDAN AND THE CAMPBELL-STOKES 

SUNSHINE RECORDERS. 

By F. C. BAYAKD, LL.M., F.R.Met.Soc. 






[ReoeiTed July 10th.— Read November 20th, 1889.] 

Sometime ago, in the discussion following Mr. Jordan's paper on his new 
pattern Sunshine Recorder {Quarterly Journal, Vol. XIV. p. 212), I was 
enabled by the courtesy of Messrs. Negretti and Zambra to produce a 
certificate of comparison of one of Mr. Jordan's instruments with the Gampbell- 
Btokes Recorder at the Kew Observatory. This certificate seemed to show 
that the monthly records, though not the daily ones, of the two instruments 
were practically identical. As I had had the Jordan instrument since April 
1885, 1 had myself come to the conclusion that the Jordan registered more 
than the burning recorder. 

The discussion on Mr. Jordan's paper gave me the impression that a 
comparison of the two instruments extending over some months and with a 
similar exposure might prove of some value. I therefore had a strong 
scafi'olding pole, 15 feet high, erected in my garden at Wallington. On the 
top of this pole was a shelf properly levelled, on which was placed a * universal 
g ' Recorder kindly lent by Messrs. Negretti and Zambra for the pur- 
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pose of the invostigation. Nine inches below this top shelf I had another 
shelf constructed facing south and duly levelled, on which I placed the old 
pattern Jordan sunshine recorder. The two recorders were placed true north 
and south. The observations commenced on June 1st, 1888, and terminated 
on May 81st, 1889, and there are a complete year's records with the exception 
of the last 4 days in August 1888, the first 6 days in September 1888 
(during which time I was away for a holidn.y), and September 27th, 1888, 
when I unfortunately put a wrong card into the burning recorder and so 
ficuled to get a trace, though I had 9*6 hours in the Jordan recorder. 

Having commenced the observations, my next proceeding was to decide 
whether I would read the Jordan records before fixing them in water or 
after fixing. I decided to read them as I had hitherto done, before fixing, 
for I had found by long experience that the lighter traces disappeared in 
the process of fixing. This method of reading has one disadvantage, and a 
most important one, namely, that it is impossible for anyone to verify the 
reading made by the observer. This disadvantage I have endeavoured to 
minimise as much as possible by reading the papers myself. On the papers 
and the cards every trace has been read. 

During the observations, and indeed some time previously, I found that 
there were defects so to speak in both instruments ; these I will now mention, 
in order to show that I have not forgotten them. With respect to the 
burning recorder, it does not act at all when there is dew or water on the 
ball, for the ball must be quite dry before the rays penetrate it, and this 
defect is more especially noticeable in the morning and evening, and also 
after heavy showers ; as far as my observations go it matters very little 
whether the cardboard slip is wet or dry, for when the rays once get through 
the ball they char the paper. 

With respect to the Jordan there are two defects, or rather one defect, 
which is attributable to the rain ; if the rain drives at all it goes in at the 
hole facing the direction of the rain, and runs down the paper, spoiling it 
wherever it touches and forms a pool in the bottom of the drum, out of which 
I have several times taken as much as a teaspoonful of water ; also a drop 
of rain sometimes falls on a hole, and without penetrating the drum it 
causes '' a blur '* on the paper which it is impossible to read. It is a 
curious circumstance that most of the cases in which the burning records 
were more than the Jordan are due to rain. It is possible that these defects 
in each instrument may be in a great measure neutralised by covering the 
instrument with a bell-glass or an ordinary glass shade, a method which I have 
not tried owing to the very exposed position of the instruments. 

I will now endeavour to deal with the observations on the subject. 
The Jordan instrument recorded as much or more than the burning one 
on every day except on June 20th and 28th, July 1st, 26th and 80th, 
August 2nd, 5th and 18th, September 10th and 80th, October 5th, 7th and 
18th, November 4th, February 2nd, 4th, 20th and 2drd, March 25th, and 
May 2nd, in all 20 days out of the 855 days on which the observations were 
taken. The excess of the burning recorder on no occasion exceeded one hour. 
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which amount was only roaohed on two occasions, viz. Saptemher 80th and 
October 5th. These differences are caused partly by rain and damp, and 
partly by a bad light which affects the actinic mora than the burning rays. 
On the other hand, the excess of the Jordan over the burning instrument is 
very great, being as mnch us 6'2 hours on June 8rd, 18B8, and 4'5 hours on 
May 1st and 8rd, 1669. The monthly excess of the Jordan over the 'burning 
recorder has in the following table been expressed in the form of a percentage, 
in which tlie bnruing one has been considered as the standard. 

Incbeabb pfk cent, or Scnlisbi otbb Bbiqht Scnbhfhe. 



1888. 


SonUght. s^lh" 


locrease. 




IJ5-I 

ioH-4 
"57 
1368 
'47-9 
:6.-4 

"5-5 


!i 


256 

251 
12-4 

8-4 

lU 

■47'9 

6.-4 
191 

St 

.S-5 




August Cs? Jay") 

Ootober (]i dn;s} 


iHiig. 








"'JO'^-^b) 



Percentage 

ol iDereue 

197 

If one looks oarefhlly at the above table it seems to present a most 
remarkable result, and it gives one the impression that the subject is well 
worthy of further systematic observations extending over a considerable 
period of iime. There seem as it were to be two maxima, one in January, 
61*4, and the other in April, 40-6 ; and two minima, one in September, 8*4 
(this is rather doubtful, as 6 days are wanting), and the other in Uarch, 27*9. 

In indicating these results I wish to call attention to the necessity of 
further investigation into the properties of these two annshine recorders ; and 
this brings me back to the oertificate mentioned in the beginning of this 
paper. I believe that the readmgs given in this certificate are correct, but 
that the Jordan papers were read after the fixing of the trace by water, and 
not before. A took at the papers and cards which I have placed in the 
library of the Society shows this fairly conclusively. It therefore comes to 
this, that the Society, before publishing the records of the Jordan, should also 
decide not only to publish the records in italics, as is done, hat also ahontd 
say whether the papers are read before or after fixing, for the monthly 
though not the daily values of the Jordan will be fairly comparable with the 
homing recorder if tiie papers are road after fixing, but not so if they are 
road before. 
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DISCUSSION. 

Mr. Jordan said that, in designing the photographic sunshine recorder, his 
endeavour was to produce an instrument capable of registering the exact time 
during which the sun's direct rays are strong enough to cast well-defined shadows 
of opaque objects, and he thought that the best form of the instrument accom- 
plishes this result, and that the whole of such sunshine is recorded and no more ; 
m fact, it cannot, from the nature of its construction, register too much sunshine. 
Mr. Bayard, in his paper, pointed out very clearly and correctly the relative 
defects of the two instruments he used ; but he (Mr. Jordan) regretted very 
much that the old original form of photographic recorder was selected for 
comparison with the burning instrument. He referred to this more particularly 
with reference to the suggested further invcbtigation of the subject, and because 
a few words of explanation would make it clear that the defects pointed out in 
his early recorder have been entirely obviated and guarded against in the 
recently altered form of the instrument. Mr. Bayard observed, with respect to 
the " Jordan " recorder, that two defects are noticeable in times of rain, which 
in stormy weather, he says, is driven into the apertures, and running down the 
paper, spoils its sensitiveness, and that he has often found a pool of water at 
the bottom of the drum. Again a drop of rain sometimes falls on an aperture, 
and if sunshine immediately follows, the record is so blurred that it cannot be 
read. He (Mr. Jordan) was quite ready to admit that the single cylinder form 
of the instrument used by Mr. Bayard had in a measure these defects ; but in 
the double-chambered recorder (described in the Quarterly Journal, Vol. XIV. 
p. 212) the conditions are so altered as entirely to avoid them. In the first 
place, the apertures are situated in the flat side of the chamber, with which the 
chai*t does not come into contact, so that water, if it enters, cannot run down over 
it. And again, the apertures themselves are cut in separate discs of metal, which 

E reject above the surface, to which they are fixed (instead of being cut in the 
ottom of hollows filed on the outer surface of the cylinder, as in the original in- 
struments By these simple means any water falling on the instrument drains 
off on eitner side instead of being conducted into the apertures. It is, of course, 
just possible that in very heavy rain and wind a few drops falling directly on 
the apertures may enter the instrument, but it is only in fine splashes, which 
rarely, if ever, interfere with the record or spoil the sensitiveness of the paper. 
It would not be desirable to screen the instrument with a glass shade, as 
suggested, because that would introduce into the photographic system the most 
serious defect of the burning system by presenting a sui*face capable of accumula- 
ting dew and hoar frost, which in winter so seriously interfere with the working 
of 3ie Campbell instrument. With respect to the washing out of the trace in the 
process of fixing, he found that, in the sensitised charts now supplied by Messrs. 
Negretti and Zambra, there is scarcely any appreciable difference before and 
after fixing. Of course the papers must not be left too long in water; they need 
only be just washed for a few seconds, in order to dissolve away the sensitive 
portions of the preparation which have not been acted on by the sun^s rays. It 
18 better if Hie charts are not used too fresh ; after being sensitised, they should 
be kept for a few days before being used. With regard to the character of the 
respective traces produced by the two instruments in registering alternate 
periods of sunshine and cloud, he said that, on close examination of the photo- 
graphic trace, it will be noticed that the record appears in well-defined indica- 
tions in comparison with the burnt trace, where (under similar conditions) the 
effect of burning scorches the card for a considerable distance around the 
centre of the burn, frequently overlapping the intervals produced by passing 
clouds, and giving the effect of a continuous trace. In such cases it is quite 
possible to count up more sunshine for the Campbell instrument than would be re- 
corded by the photographic method ; and this may, perliaps, in some measure liavc 
accounted for the excess of sunshine registered by the Campbell instrument over 
that of the Jordan in the comparison made at the Kew Observatory referred to 
in Mr. Bayard's paper. 

Mr. Whipple, in reply to Mr. Bayard's inquiry, stated that at Kew the Jordan 
Sunshine Recorder sheets were fixed, washed, and dried before being tabulated. 
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Mr. CuBTis inquired what was the character of those portions of the traces 
which were lost in " fixing " the record of the Jordan recorder, and suggested 
that they must have been extremely faint to be so readily removed. He questioned 
very much whether it was allowable to regard such faint traces as being really 
due to actual bright sunshine, and if they had been disregarded he thought the 
records of the two instruments would probably not have differed very much. 
The statement, that the lens of the Stokes instrument being simply wet prevented 
its action, did not agree with his experience ; hoar-frost would, of course, do so^ 
but not a film of water. 

Mr. Bayabd said that he had used the old pattern of the Jordan Recorder 
because the new form of instrument was not available when the comparison was 
commenced. The lighter traces of the Jordan records which became invisible 
after fixing the paper in water, appeared to be of the same character as the 
strong traces, and their outline was just as sharply defined, the only difference 
being in the shade of the trace. 



CLIMAT0L06ICAL OBSERVATIONS AT BALLYBOLEY, 

CO. ANTRIM. 

By S. a. hill, B.Sc, F.R.Met.Soc. 

(Abstract.) 



[Beoeived September 6th.— Bead November 20th, 1889.] 

The observations summarised below were made once a day at 8.80 a.m. by 
Mr. Thomas H. Craig, with duly-verified instruments, the air temperatures 
being taken in a Stevenson's screen 4 ft. above the ground, and the rain 
gauge being 1 ft. 4 in. above the soil. The exact spot where they are made 
is lat. 64^48' N and long. 6°69' W, in the Townland of Ballyboley, close to 
the Ballyclare Junction of the Larne and Ballymena Railway, near the foot of 
the steep slope between Cairn- an- Ard and the watershed between the Lame 
and the Six-Mile Water. The height above sea level is between 400 ft. 
and 450 ft. The observations are complete for the 5 years 1884-88, 
with the exception of the maximum temperature in the shade for January 
1884, the value for which has been estimated by diflferentiation from readings 
at adjacent stations. 

The highest air temperature recorded during the period under observation 
was 80°, and the lowest 14°. The range of the monthly means was only 
19°' 7. The months of June, July and August were free from frosts during 
the whole period, and only one frosty night was observed in September. 
Frosts are more frequent in the bottom of the valley, for, owing to the slope 
of the ground, the air cooled by nocturnal radiation flows down and collects 
there. 

With respect to the rainfall, notwithstanding the low mean temperature, 
snow does not usually fall on more than 10 days during the year. Largo 
fulls are scarce, and, during the period, the three largest occurred in the year 
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1888, viz. 1-60 in. on May 29th, 1-80 in. on July 28th, and 1-68 in. on 
December 18th. 

Table I. comprises a summary of the Temperature observations, and 
Table n. a summary of the Rainfall observations. 

TABLE I. 
AiB Teupebatubbb, 1 884-1888. 



1 

Months. 




Means. 






Extremes. 




Means at 8.30 a.m. 


Max. 


Min. 


Mean. 


Max. 


Year. 


Min. 


Year. 


Dry. 


37.9 

377 
37*9 

43-2 

49'5 
54-8 
56-, 
567 

45-9 

42*0 

37-2 
46*0 


Wet. 




January .. 
February .. 
March .... 

April .... 1 

May 

June .... 1 

July 

August .. 1 

September 
October .... 
November . . 
December .. 



42*0 

427 
44-5 
51-0 

567 

62*5 

651 

635 

59'5 
52-0 

46-3 

42-2 


33-6 
332 
32-9 

36*1 

40-6 

46-5 
49-6 

49-1 

46*0 
405 

37*1 
33*» 


37-8 
38-0 

387 

43'6 

487 

54*5 

57-4 
56-3 

5^7 
46-3 

417 

377 

46*1 



54-0 

55-0 
6o'o 

68-0 

69*0 

8o'o 

8o-o 

76*0 

71*0 
65-0 
57-0 

55*o 


1888 
1885 
1887 

1886 

1884 

1887 

1885 

1884 

1884 
1886 
1885 
1888 



14-0 

22*0 

18*0 

27*0 

29*0 

37-0 

37-0 

37.0 

35-0 
30*0 
24*0 
14*0 


1887 
1885 
1888 
1887 
1888 
1887 
1885 
1888 
1887 
1885 
1887 
1887 
1887 
1887 
1886 



37*4 
367 
37.0 

41-3 

46-5 

54-2 
54-6 

51-3 
44*5 

41-2 

367 


0/0 

96 

91 
92 

85 

79 
85 
87 
87 

91 

89 

93 
95 


Mean 


52-3 1 39-9 


• • 


• 


1 


44*5 


89 



TABLE n. 
Rainfall, 1884-1888. 



MonthR. 


Totals. 


Means. 


1884. 


1885. 


1886. 


1887. 


1888. 


1884 

to 
1888. 


No. of 
Days on 

which 
•01 foil. 


January 

February 

March 

April 

May 


In. 

6-55 

3"i7 
4-68 

2-26 

2*27 

1-37 

3-11 

2*57 
3-51 

2-66 

3-41 
4-18 


In. 

i'53 
4-39 

2-25 

3-63 
2*19 

074 

2'20 
275 
5*22 

415 
2*36 

2*00 


In. 

5*31 
2-42 

2*24 

2*42 

3'oo 

1-52 

3'oi 

2-56 

3-51 

5*oo 

413 
5-46 


In. 

278 
I '60 
1-49 
1-65 

2*11 

0-49 
271 

»*35 

4-13 
1-98 

2-85 
2*97 


In. 

2*30 

0-84 

3-96 

115 

3.99 

3-64 
6*92 
3-84 

173 
1-87 
2-i6 

2-27 


In. 

3-89 
249 
2*92 

2*22 

271 
156 


17 

15 
16 

12 

«5 




*MAtmj .. ...... •• 

Jane 


July 


3*59 *^ i 


Augast 

September .... 

October 

November 

December .... 


2-8 I 

3-62 

m 

378 
3-58 


■5 ' 

"5 

\i ■ 

16 

1 


Totals 


3974 


34*41 


40-58 


27'II 


1 
3967 1 36-30 


U7 
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Report of the Wind Foroe Committee on the Factor of the Kew Pattern 

Robinson Anemometer. 

Drawn up by W. H. DINES, B.A., F.R.Met.Soc. 



[Bead December 18th, 1889.] 

In the Report of the Wind Foroe Committee* read before the Society in May 
1888 the results of some experiments with various anemometers were given, 
but it was stated that no correction for the natural wind had been applied. 
Since then a considerable number of further experiments have been made, 
the total now reaching 108. As previously stated, each experiment con- 
sisted of a 16 minutes run of the anemometer in a circle of 58 feet diameter. 
Out of these experiments 12 have been made with the friction of the 
anemometer artificially increased, 7 with a variable velocity, and 14 with 
the plane of the cups inclined at an angle to the direction of motion. The 
remaining experiments have been arranged in 6 groups, each group con- 
sisting of those experiments in which the velocity was nesurest to 5, 15, 25, 
85, and 45 miles per hour respectively. Each group has again been split 
up into two parts, one part consisting of those experiments during which the 
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Fia. 1. — Showing the position of the Whirler and its surroondings. 

amount of natural wind registered was less than ^ mile, and the other part, 
of those during which the amount registered exceeded the i mile. On many 
of the days there was not sufficient wind to move any of the anemometers at 
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all, and although such days may not have been absolutely calm, it may be taken 
for granted that the wind veloeity was less than 8 miles per hour. With a 
few exceptions the experiments have been made on calm days, the highest 
wind velocity ever registered during an experiment being about 8 miles 
per hour. On account of the uncertainty attending the correction for the 
natural wind it has been thought better to collect the experiments into groups 
rather than to treat them separately. It is pretty certain that in the groups 
headed '' Calm,*' the average velocity has not exceeded 8 miles per hour, for 
during most of these experiments no wind at all was registered. In the 
groups headed ** Rough,*' perhaps 6 miles per hour may be taken as the 
highest possible value for the average. The anemometer employed to measure 
it, when tested on the whirling machine, was accurate at all velocities ex- 
ceeding 5 miles per hour, and would begin to turn at a velocity of about 
8 miles per hour. Its readings give an average of a little over 4 miles an 
hour, but since on almost all the days on which experiments were made there 
were times when no anemometer would move at all, it may be well to take a 
higher value for the average. 









TABLE I. 








Velocity in 
miles per hoar. 

Between 40 and 50 


t 
] 

■ • • 




Calm. 




] 

r- ■ 
Factor. 

2-12 


Elough. 
1 


Factor. 
2-22 


No. of 
experiments. 

6 


No. of 
experiments. 

8 


„ 80 „ 


40 


• • • 


219 




5 


2-10 


7 


„ 20 „ 


80 


• • • 


2-15 




10 


2-10 


14 


„ 10 „ 


20 


• • • 


2-45 




5 


2-09 


5 






Details of \ 


Experiments. 






Rate in miles 
per hour. 




Factor. 




Wind in miles 
measured during tho 
fifteen minutes. 


Direction 
of wind. 


11 




1-90 






1-8 




N 


11 




219 






•5 




NK 


11 




2-20 






1-1 




N 


12 




2-49 











E 


12 




2-44 











E 


18 




2-50 











E 


18 




2-28 











W 


15 




2-12 






•7 




N 


16 




2-87 






•4 




S 


20 




203 






1.2 




N 


20 




1-83 






21 




NE 


20 




2-11 






•6 




N 


21 




204 






1-9 




NE 


21 




2-14 











W 


21 




2-29 











S 


22 




2-18 






•7 




NE 
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TABLB l.^Confinued, 
Details of Experiments. 



Bate in miles 
per hour. 


Factor. 


Wind in milea 

measured during the 

fifteen minutes. 


. Direction 
of wind. 


28 


2-05 


1-0 


NW 


24 


2-16 


•4 


NE 


24 


2-05 





S 


25 


2-26 


1-0 


E 


25 


2*09 


•9 


N 


25 


2 10 


•7 


NW 


25 


215 





W 


26 


2-09 


•8 


NW 


27 


2-18 





W 


28 


2-04 


20 


NE 


28 


2-08 


•9 


E 


28 


2-18 





SW 


29 


2-10 


10 


NW 


29 


2-16 





W 


29 


2*28 


•7 


NE 


80 


2-12 


11 


N 


80 


2-18 





S 


80 


213 


•8 


NE 


80 


2-29 


•4 


NE 


81 


2-08 


•8 


N 


82 


2*22 





W 


84 


2-08 


•7 


NW 


84 


2-07 


•9 


NW 


85 


2-10 


•7 


N 


85 


2-16 





S 


85 


218 


1-5 (?) 


NE 


87 


2-18 


•7 


N 


87 


2-08 


•8 


NW 


87 


2-15 


•4 


NE 


87 


2-29 





N 


88 


214 


•2 


N 


40 


2-28 





S 


40 


2-10 


•7 


N 


40 


210 


•5 


NW 


41 


211 


•7 


N 


41 


2-15 





SW 


44 


2-10 


1-2 


w 


44 


2-21 


1-5 


N 


45 


212 


•8 


W 


48 


2*26 


1 


NE 
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TABLE L— Continued. 



Details of Experiments. 



ate in miles 
per hoar. 

48 


Factor. 
2*29 


Wind in miles 

measured during the 

fifteen minutes. 




Direction 
of wind. 

W 


48 


2-26 





N 


48 


2*02 


1.5 (?) 


NE 


49 


2-15 





W 


50 


2-19 


1-1 


W 



Low speed experiments, all made on calm days : — 



Miles per hour. 


Factor. 


MUes 


per honr. 


Factor. 


8 


8-92 




5 


8-00 


8 


8-88 




5 


8'09 


H 


*8-77 




6 


*8 02 


4 


♦8-40 




7 


2-89 


4 


8-01 




9 


2-48 



No wind was registered during any of these low speed experiments, but 
the three marked thus * were made on a most exceptionally calm day. 






%20 



-WJ 



t> 



Fia, 2. 

f^Zocify iiv irvilee per hater 
zo 30 



40 



^U 



so 



OS 
kS 



oio 

X14 



OS 
X7 



^-O 



06 



2-0 



10 



iO 20 ^0 

Eew Pattern Bobinson Anemometer. 



4C 



6a 



The low speed experiments are shown separately thus • 

The groups of experiments made on calm days thus O 

Ditto on rough days thus X 

The figures relate to the number of experiments on which each result is based. 
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In discussing these figures, there are three points which must be taken 
into consideration ; they are, the possibility of the existence of induced 
eddies (* Mitwind *),| the effect of the increased friction due to the centri- 
fugal force and gyroscopic action, and the action of the natural wind. The 
readings of two other anemometers placed on the long arm near the Eew 
standard throw some light upon these points. The first was a small Robin- 
son anemometer having 1 in. cups on 1*75 in. arms, placed 2 feet nearer the 
axis of the whirler than the standard. For fear of damage it was not tested 
at the highest speeds, but unlike the standard it shows a very slight decrease 
in the value of the factor as the speed increases. It may be of interest to 
state that the factor of this instrument, deduced from 20 experiments at rates 
between 10 and 80 miles per hour, is 2*74, and that the experiments made 
with it sure far more consistent among themselves than those made with the 
Eew standard. It would be affected like the other, but being so much 
lighter it would take up the proper velocity of rotation more quickly. At 
one foot from the standard a Helicoid anemometer was placed. The records 
of this instrument are certainly independent of any friction due to the centri- 
fugal force, since a far greater amount of friction caused artificially had no 
effect upon it. It has also been tried on the whirling machine, by itself, at 
speeds up to 70 miles an hour without showing any variation. It will be 
seen from the tables that the factor of the Kew standard shows a tendency 
to increase with the velocity on the calm days, rising from its lowest value 
2*15, at 25 miles an hour, to 2*22 at 45 miles an hour. Since this increase 
is hardly noticeable upon the rough days, it is natural to suppose that it may 
be due to induced eddies, but there is no other evidence in favour of this sup- 
position. The results of the experiments with the small Robinson and the 
Helicoid anemometer show no sign of it, for it is obvious that it is only on 
quite calm days that any induced eddies could exist, and these instruments do 
not show a difference of more than i per cent, between the rough and calm 
days. Also damp vegetation has often been burnt under the whirler to see if 
any eddy could be detected, but always with a negative result. 

The next point to be considered is the effect of the centrifrigal force and 
the gyroscopic action. The experiments, details of which are given in 
Table II., were made to elucidate this. In the ordinary way the cups would 
begin to turn with a weight of 40 grains placed in one of them. In these 
experiments the friction was increased by a brake, and the weight given in 
the table is the mean of the two weights required just to move the cups at 
the beginning and end of the experiment. 
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TABLE 


11. 




Natural Wind 

in miles daring 

experiment. 


Bate in miles 
per hour. 


Faotor. 


•5 


89 


2-15 


•6 


41 


217 


•6 


45 


2-88 


•2 


24 


8-62 





27 


4-78 


•1 


29 


2-75 


•1 


80 


2-41 


6 


81 


2-40 


•1 


85 


2-98 


•1 


80 


8-20 


•1 


85 


2-88 


•1 


85 


2-85 



Weight in 
onnoes. 

i 

i 
8 

8 

8 

2 

8 

8 

8 

8i 
2 

2 

The great difference between the figures for the calm and rough da^s 
shows that the natural wind is a very important matter. The question of 
the correction for the wind is complicated by the radial position of the axis 
of the anemometer. It will be seen at once that in certain parts of the circle 
the wind direction will not be parallel to the plane of the cups, and the 
question arises how an anemometer will act under these circumstances. 
Eight experiments were made with the axis of the anemometer inclined at an 
angle of 10° to the long arm, and gave 2*81 as the mean value of the factor. 
Six experiments made with an angle of 87° gave the low mean value of 2 18. 
However, it is only the former set that are of interest in this connection, for 
with a wind velocity of 6 miles per hour and a rate of 25 miles per hour for 
the anemometer, the angle between the plane of the cups and the direction 
in which the air passes over the anemometer can barely exceed 10° in any 
part of the circle. The mean value of the factor for the normal position is 
2*15, and since the ratio of 2*81 to 2*15 is greater than that of cos 0° to 
cos 10°, it follows that a little wind blowing during an experiment ought to 
lessen rather than increase the number of turns of the cups, and thereby 
increase the value of the factor. 

Since the whole question turns upon this point, it may be well to explain 
it further. In two parts of the circle the wind is blowing across the direc- 
tion of the anemometer, with the result that it strikes the plane of the cups 
at a small angle, and also that the relative velocity is increased. The con- 
ditions are the same as if the pole on which an anemometer is mounted were 
inclined towards the wind and at the same time the wind velocity increased. 
If under these conditions the increased velocity more than compensates for 
the oblique position of the cups, the registration will be increased, and 
vice versa. The experiments with the inclined axis show that the influence 
of the oblique position is predominant when the angle is 10°, and since in 



82 DINES — BEPOBT OF WIND FOBOfi OOlIiaTT&E ON B0BIN80N ANBMOMETEB. 

most of the experiments we can see, either by a diagram drawn to scale or 
by reference to a table of tangents, that the angle must be less than 10°, we 
are justified in the conclusion, that so far as this point is concerned the 
natural wind should increase the value of the factor. 

Experiments have also been made to determine the extent to which the 
friction would be altered by the increased pressure on the bearings. At 80 
miles an hour the actual pressures are 8 or 4 times as great as when the 
anemometer is at rest, but it was found that notwithstanding this, when the 
instrument was weighted in such a way that the actual stresses were made to 
correspond with those induced by a speed of 80 miles an hour on the whirler, 
only 60 grains were required instead of 40. This small alteration was quite 
unexpected, and is probably due to the ball bearings ; it shows however that 
the centrifugal force and gyroscopic action have but a very trifling efifect 
upon these experiments.^ 

Diagrams explaining the action of the natural wind. 





Fio. 3. 

In fig. S ABCD represents the circle in which the instrument is moving 
and FK the direction of the wind. 

Let V be the velocity of the instrument, and v of the wind. 
At B the relative velocity is 7— v. 

AtD „ ,, V+v. 

At ^ and CitisN/P+r" 

So far as the parts of the circle at B and D are concerned, the opposite 

1 The forces arc a direct outward force ^^ parallel to the axis, caused by the 

r 

centrifugal force ; and a couple in a vertical plane due to the gyroscopic action equal 

to mkhDiW2, when k is the radius of gyration, tPi is the angular velocity of the anemo- 

meter and W2 of the whirler. Since Wi = G-TiPa very nearly, taking 2*16 for the factor, 

both these forces vary as t>*, and the conditions may be reproduced by applying a force 

mv^ . 6-7 k* , 

~r~ parallel to the axis of the anemometer and at a distance — from it. 
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effeets cancel each other, bnt the effect is the same at A snd'O, and hence 
on the whole the mean valne of the relative velocity is raised. 

Fig. 4 shows the action at A and C, GM represents the motion of the 
wind, GH that of the instrument, and MH the relative motion. If drawn 
to scale, the air strikes the plane of the cups at an angle equal to MHG, 

When this angle is IQP the instrument loses from 6 to 7 per cent, on 
account of its oblique position, but HM is greater than HG by less than 
2 per cent., so that there is a loss instead of a gain at the parts of the circle 
near A and C. 

On the assumption generally made, the correction for the natural wind is a 
yery small one, excepting at the low velocities ; but the figures given in the 
tables render it clear that, actually, a little more or less wind blowing 
during an experiment has an important effect upon the result. The way in 
which the difference between the factors obtained on rough and calm days 
first decreases and then again increases with the velocity is very curious. 
The increase seems to be too regular to be due to accidental errors, but, on 
the other hand, it is very strange that a little wind should make more difference 
when the speed is 45 miles an hour than when it is only 25 miles. Apart 
from the possibility of induced eddies I can only suggest one explanation. 
When the speed is 45 miles an hour the circle is completed in about 8 seconds, 
and consequently the motion of the air past the anemometer attains 
its maximum and minimum values at intervals of IJ seconds. When the 
speed is 25 miles an hour these maximum and minimum values occur at 
intervals of nearly 8 seconds. 

It may be well to describe here an experiment relating to this subject. 
Taking the factor as 8, about 5 turns of the cups should correspond to one of 
the whirling machine, but it is possible to obtain as many as 10 to 12 turns 
of the cups to each turn of the machine. This is managed as follows : — On a 
perfectly calm day one complete turn is given to the whirler and it is then allowed 
to stand still until the cups have nearly come to rest, repeating this process 
a few times the factor comes out less than 1*5. This shows how much more 
ready the cups are to take up their proper velocity than to lose it, and 
it seems probable that many of the discrepancies which have appeared in 
connection with experiments on this subject are due to this curious behaviour 
of the Bobinson anemometer in a variable wind. The Kew standard pattern 
is especially liable to this on account of its large ** moment of inertia.*' 

Unfortunately it is difficult to obtain a variable speed of short period on 
the whirling machine when the average speed is at all great. In the 7 
experiments which have been made in this way the intervals between the 
times of maximum and minimum velocity have been from 20 to 80 seconds, 
and the velocities have ranged from 10 to 40 miles per hour ; the mean value 
of the factor deduced from these is 2*17, that is, about the average, and this 
shows that when the period of variation is of any length, and the velocity 
never reaches a very low value, the instrument records a velocity departing 
but little from the mean value. It must be remembered, however, that at a rate 
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of 10 miles an hour the factor is considerably aboye 2*17i so thai the result shows 
that a variable instead of a uniform speed does give a lower factor. There 
can be but little doubt that the small instrument with the 1 in. cups is much 
more correct than the Eew standard when the wind is variablei and the 
greater consistency of the results obtained with it in these experiments is thus 
explained. There is, however, a reverse side to this, the small instmmant is 
largely dependent upon very little change in the friction, and when plac^ 
by the side of another larger instrument in the winter, it was found that its 
readings were greatly affected by the temperature, presumably on account 
of the viscosity of the oil. This was so marked, that upon a frosty day its 
sluggishness was apparent to the eye. 

It remains to consider the most probable value of the factor ; and it must 
be confessed at once that the experiments do not show with any certainty 
the ratio of the wind's velocity to that of the cups for a uniform rate. This 
perhaps is of little consequence, inasmuch as the instrument is never required 
in practice to measure a uniform velocity. 

For the reasons given above there can be little risk of error in neglectudg 
the correction for induced eddies or for the increased friction caused by the 
circular motion. It has also been shown that if we assume the instrument 
to record the mean velocity to which it is exposed, it is almost certain that 
in virtue of the radial position of the axis, the correction for the natural wind 
is negative. It is also certain on the above assumption, that for any position 
of the axis the correction must be very small at all the higher speeds. The 
formula for this correction is given by Sir G-. Stokes in his paper on the 
Crystal Palace experiments. It is easily obtained by anyone acquunted with 
the notation of the integral calculus, and its truth is entirely beyond dispute. 
The conclusion that the instrument is greatly affected by the variability of 
the wind to which it is exposed seems to be irresistible, and if so, the 
exact value of the factor must depend upon the nature of the wind as well 
as upon the mean velocity. There is evidence to show that during a gale 
the variations of velocity are sometimes of great extent and frequency, and 
there can be but little doubt that in such a case the factor is less than 2-15. 
The one point which does seem clear is, that for anemometers of the Kew 
pattern the value 8 is far too high, and consequently that the registered wind 
velocities are considerably in excess of the true amount. 

Since sending in the Report to the Wind Force Committee, the following 
series of experiments have been made : — 

(1.) The ball bearings of the anemometer were removed and plane bearings 
substituted. The mean value of the factor, deduced from 7 trials at about 80 
miles per hour, was then found to be 2*26 ; that is an increase of 5 per cent. 
This is satisfactory, inasmuch as it partially explains the higher value given 
by the Crystal Palace experiments, especially when it is remembered that 
the long arm in that case was shorter than the one at Hersham, and therefore 
the centrifugal force and friction greater. 

(2.) Arrangements have been made by which the wimmT^ m pressure upon 
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a foot circular pressure plate eonld be compared with the maximum speed of 
rotation of the caps ; but, in so far as the determination of the factor is con- 
cerned, the plan is a total- failure. The maximum pressure always occurs 
before the cups have taken up their highest speed, and it is not unusual for 
it to occur in quite a different gust of wind to that in which the cups attain 
their greatest rate, the rate of the cups depending upon the duration as well 
as upon the strength of the gust. 

The corresponding values are given in Table IH. 

(8.) Comparisons have been made between the Eew pattern anemometer 
and a hght air meter. The constants of the air meter were carefully deter- 
mined from time to time upon the whirling machine, and it was exposed by 
the side of the anemometer about 15 feet above the tower at Woodside, 
Hersham. The recording dial of the air meter, which was kept facing the 
wind by a vane, was allowed to remain in action while the centres of the cups 
travelled over 1,000 feet (corresponding to 79 ^ revolutions), and thus the 
distance recorded by the air meter, after correction and cutting off the last 
three figures as decimals, gave the factor. It was hoped that, choosing so 
short a distance for each comparison, a fairly uniform speed would be ob- 
tained throughout, but such has not been the case. It will be seen that the 
values (Table lY.) are anything but consistent, but are always far less than 
the values for the same mean velocity deduced from direct trial on the whirling 
machine, a result which I believe to be due to the variability of the wind. 



TABLE III. 




Maximam rate of 
revolution of cnps in 
deoimalB of a complete 
turn per second. 


Factor of anemometer 
dedaced from 
comparison must 
be less than 


•60 


2-78 


•66 


2-84 


•71 


2^66 


•76 


2-55 


•91 


2*28 


1^08 


2-41 


1^20 


217 


1-28 


2-16 


1^44 


218 



Maximnm pressure 
in lbs. pdr 
sqaare foot. 

•72 

•90 

•98 

•95 
1-12 
1^75 
1^75 
2-20 
245 

In the above table the maximum rate of the wind was calculated from the 
ipflTimnm pressure, using the experimental result obtained from the same 
pressure plate, and thus the factor was found which would give the 
corresponding maximum rate of revolution of the cups. 
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TABLE IV. 



Factor. 

. r 



B 

o 



> 

o 

5z; 



2' 
1' 

2" 
1 
2 
2 
1 



15 
89 
18 
77 
14 
18 
77 



a 
o 

o 

s 



<< 



o 



2-27 
2-18 
2*22 
2-28 
2-18 
2-47 
2-25 
2-27 
2-24 
2-22 
2*22 
2-22 



Approximate 

mean rate in 

miles per hour. 

7 

8 

8 
10 
18 
18 
15 



6 

7 

7 

8 

8 

8 

8 

10 

10 

10 

12 

12 



Factor. 





ri'87 


5 


2-72 


CO 


2-20 


• 
> 


2-41 


o 


2-72 




12-80 


5 


r2-80 
2-20 


(N J 


> 


2-28 


O 


2-17 



Mean rate. 

4 
4 
5 
5 
5 
8 



8 

9 

11 

18 
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DISCUSSION. 

The President (Dr. Marcet) said that Mr. Dines's papers gave evidence of 
great care and research, and the results were very important : although the exact 
value of the factor for tiie Robinson anemometer had not yet been determined, 
Btill, an approximation had been obtained which could not fail to be of much 
value. 

Mr. Whipple said that he felt that the investigation could nut be in better 
hands than Mr. Dines*s, and he believed that in the matter of the Robinson 
anemometer all that it was practically possible to do with this instrument had 
been done. 

Mr. Bayabd siud that it appeared from the Report of the Committee that all 
the work done by the Eew pattern Robinson Anemometer was, if not quite 
worthless, at any rate of a value which was certainly problematic. The smaller 
anemometers, according to previous experiments, seemed to give much better 
results, and he would like to know whether the indications of these smaller in- 
struments were of greater value, and whether the observations obtained from them 
could be utilised. 

Mr. Symons said that it was unfortunate that anemomctry was in such a 
serious condition as the paper seemed to indicate. His experience with anemo- 
meters was very small, but there appeared to him to be no necessity for using 
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the ponderoas cups of the Kew pattern. He had quite recently received an 
instrument from Richard, of Paris, part of which was an anemometer, consisting 
of a fan about 18 inches in diameter, very much like an ordinary air meter, but, 
of course, larger, and more resembling the fan of WhewelFs anemometer, and 
having the blades of the fan made of aluminium, and slightly cunred, and the 
merest touch was sufficient to set the fan spinning. 

Captain Wilson-Barker inquired whether any experiments had b^n made 
with other forms of anemometers, as it seemed of little nse experimenting 
further with the Robinson form. He thought the Hagemann form of ginge 
would give good results. 

Mr. MuNRO said that he did not think it was possible to improre the form of 
the Robinson anemometer ; and in the case of the Kew pattern it was not euBvio 
see how the effect of momentum could be overcome. He was satisfied that Mr. 
Din9s*s Helicoid anemometer was a better instrument than any other anemometer 
in existence. He thought that now it was so clearly established that the factor 
3 for the Robinson anemometer was wrone, some factor nearer the troth shonld 
be used. He believed, from what he had heard, that the fan pattern of anemo- 
meter, like that of Richard described by Mr. Symons, was not reliable. 

Mr. Curtis said, with reference to the suggested nse of small anemometers, 
that it should be remembered that when anemometers were put up in exposed 
places, such as Holyhead and other localities on our western coasts, they have to 
face much greater wind forces than are experienced at an inland station or in m 
city like London, and therefore they require to be very substantially made. 
Even with the precautions which are now taken it sometimes happens that an 
arm is torn away from the rest of the instrument. As to the use of electricity, 
if an effective system of electrical contacts could be arranged it would doubtless 
be a great advantage, because by its use difficulties due to the necessity which 
now exists for placing the instrument on buildings — always more or less nnsoit- 
able — could then be avoided, and something like uniformity could be secnred in 
the conditions of exposure. But the great obstacle to its use lay in the difficulty 
involved in keeping the contacts, necessarily exposed to the weather, in good 
working order ; and some recent experience of this at Valencia had shown that 
the difficulty was exceedingly great. At the same time, a comparison which had 
been made there between two similar instruments working side by side, but the 
one recording in the ordinary way and the other by means of an electrical 
arrangement, had shown a very close agreement between the records of the two. 
Witli reference to the effect of variation in the wind-force upon the speed of the 
cups, he had found, from some experiments he had himself carried out, that the 
Robinson cups took up any increase in the speed of the air passing over them 
very readily, and he had supposed that, when the wind fell again, they parted 
with their motion as speedily ; but Mr. Dines^s experiments seemed to show that 
such was not the case. The variations in the force of the wind in short inter- 
vals of time (as shown in enlargements of records from Osler^s anemometer ex- 
hibited to the Meeting) were sometimes extremely great. The indications of the 
" bridled '' anemometer at Holyhead also showed this feature remarkably welL 
During a gale in October 1889 the record from this instrument showed several 
remarkable oscillations of this character, and in one instance the pencil was driven 
considerably beyond the scale on the occasion of a strong gust of wind. These 
gusts appeared to be regular in their recurrence, and to come in groups, with m 
tolerably uniform interval of time between them ; indeed, there appeared to be 
two distinct sets of gusts, the one occurring when the general strength of the 
wind was comparatively low, and the other when its average strength was much 
greater, as if there was a regular 'pulsation or set of waves in the air, with a dis- 
tinct set of sudden oscillation occurring both with the trough and the crest of 
the waves. As the gale died out, these pulsations became less distinct, and 
gradually died out. 

Mr. Scott asked if the fan instruments used in the Metropolitan Railway 
Tunnels, referred to by Mr. Munro, had been really Wheweirs Anemometers, or 
Airmeters like those sold at present Dr. Whewell described his anemometer as 
a kind of small windmill with 8 sails inclined at an angle of 45** to the wind and 
kept facing the wind by a vane. The registering apparatus was an essential 
part of this instrument. 

Mr. MuNRo remarked tiiat the Kcw-pntttrn ancmon^ctcr used by Mr. Pines 
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in these experiments was slightly heavier (perhaps one pound) than the instru- 
ment mt Eew. The great difficulty in constructing the cup anemometer has 
been to make it of sufficient strength to stand the hard wear and tear which 
it is subject to. 

Mr. liAuaHTON thought that Mr. Dines's observations dealt a death-blow to 
the Robinson's anemometer. He had long felt a distrust of the instrument, and 
had said, many years aeo, that the first and most pressing need of anemo- 
metry was a new type of head. It was satisfactory to find this opinion so fully 
confirmed by tiie results of Mr. Dines's experiments. He entirely agreed with 
Mr. Whipple, that little good was to be expected from further experiments with 
Bobinson's cups ; but he earnestly hoped that now, or at some later period, 
Mr. Dines would be able to carry on some investigations with other forms of 
anemometers, and more especially with his own Helicoid and the Hagemann 
pipe, both of which seem full of promise, when once we are lifted clear of the 
rut which has so long confined our footsteps. 

Prof. A. S. Hebschel said that Mr. Dines having recently shown him in actual 
promsB his process of proving anemometers, and of measuring wind-pressure 
coefficients on his large steam whirling-crane at Hersham, enabUng him to note 
the perfect working action of its self-adjusting and recording mechanisms, and 
makine him familiar with his many happy inventions of practical improvements 
in wind and weather recording instnunents, he wished to say a few words on 
what he regarded as some points of great value in the papers. He would desire 
in the first place to notice especially the conspicuous ingenuity with which the 
experiments described had been conducted, and the mauiematical resource and 
akiU with which, in deducing the results, the probable sources of error were 
discossed and sought to be allowed for, or eliminated, as being such, he thought, 
as must command great confidence in the inferences and conclusions drawn 
by the Wind Force Committee from the long and carefully pursued series of 
experiments which had been recorded. From these it appeared to be now quite 
certain, that the Robinson form of anemometer is not such a direct and simple 
indicator of the wind's velocity as it has hitherto been generally supposed to 
be. On the other hand, the ratio of the wind's speed to that of the cups, if not 
actually constant, yet only shows small changes, as if some modification could 
perhaps be found which would render it more stable ; and it is very decidedly 
shown to be more nearly 2 : 1 than 3 : 1, which was the value used, and thence- 
forth adopted, in the theory of the instrument first proposed by its inventor. 
Ae a prominent example of the great inventive skill employed in these experi- 
ments, their complete establishment of the exactitude of Mutton's law of wind 
pressure, that for a given obstructing surface (without any limitations apparently 
of the outline, or soud figure), the pressure of a blast varies as the square ot the 
wind's Telocity, shown to be strictly true for a pretty considerable range of 
velocities, by balancinff the centrifugal action of a small lever's weight against 
that fluid pressure at the circulating arm-end of the whirling-crane, was a result 
of the inquiry upon which, by itself (done, the Society might be felicitated which 
had subsidised these experiments, and which had now quite recently published 
in its Quarterly Journal this very (significant outcome, with many most important 
variations on it, of the investigation. If then this law may be trusted strictly 
in the case at least of a fiat pressure-board, we may perhaps hopefully expect 
that the form of anemometer introduced by Mr. Follett Osier, recording wind- 
currents by their pressures, of some of whose registrations Mr. Dines had shown 
them an interestmg diagram to illustrate his paper, will in the end prove 
practically to be the most trustworthy form of wind-recording instrument ; and 
he would like to ask Mr. Dines if they might not now consider that the pressure 
of a wind upon the fiat square pressure- plate of Osier's anemometer may be 
regarded as always exactly proportional to the square of the wind's velocity ? 

In connection with the reading of the second paper, an instrument was reierred 
to which was shown upon the table, for indicating directly the velocity of a fluid 
current by first makine the current produce its natural fluid pressure. The new 
instrument had not, he thought, been ailated on at sufficient length by Mr. Dines for 
its very perfect action to be made known to the meetins as fully and distinctly as 
the ingenuity of its construction merited. Prof. Herschel however hoped that he 
would not be disclosing more of this instrument's most elegant contrivance than 
Mr. Dines himself was anxious to divulge at present, if he tried to explain to the 
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Society a little more fully than Mr. Dines had been content to do, the beaatiM 
simplicity and the remarkable ingenuity of its construction. 

The head of pressure due to air velocity can either be shown directly by a 
Lind*B wind-gauge in inches of water-column supported in the straight limbs 
of the bent water-tube, when the wind-current blows directly into the open 
mouth of the gauge-tube, or else, if the current gives rotation to a Robinson^s, 
or Lownes' anemometer, this will make water or mercury contained in a cup 
revolving on the axle of the anemometer rise at the circnmference of the cop, 
and measure the same pressure by its change of level. A centiifogal pomp, 
elevating the liquid from one large trough or cistern to another, takes the place 
in this case of the simple bent water-tube of Lind's wind-gauge. To translate 
this elevation into its corresponding wind-velocitv requires a calculation by the 
rule that it bears a constant ratio to the square of that velocity. If now a pen- 
dulum-bob floats on the lifted fluid surface in the trough, like a cork buoy, the 
pendulum-stem being vertical when there is no elevation, or when no pressore 
and speed are being indicated, and if the stem^s upper end is socketed in this 
position so that the pendulum can turn round it without rising, an elevation of 
the liquid in the trough makes the pendulum to slope outwards, and its point to 
depart from its lowest vertical position to a horizontal distance from it, whose 
square is, by a simple geometrical property of a circle, proportional to the rise 
in height for all movements of the bob which are small m their extent com- 
pared with the pendulum-stem* s length. 

The problem of effecting this change of measurement from one equivalent 
way of expressing an air-current*s rapidity or force of stream to the other, by 
some commodious mechanical means exact enough to be for all ordinary pur- 
poses a substitute for calculation, had some time ago been suggested to Frof. 
Herschel as a great desideratum by Mr. G. M. Capell, and he^ had partially 
succeeded with a square-cornered triangle on a drawing-board in meeting the 
requirements. But the present ingenious use of the lateral displacement of a 
floating pendulum in a circle had, when shown to him by Mr. Dines, quite sur- 
prised him bv its perfect simplicity and fitness. In the neat state exmbited of 
its now finished adaptation to a revolving anemometer, he felt sure that its 
inventor and the skilful constructor of the instrument had succeeded together 
in producing a kind of actual indicator of varying velocity, which would hereafter, 
without doubt, prove to be of the greatest service in the study of anemometry. 

Mr. W. H. Dines, in reply, said that he liad only gone into the question of 
the factor of the Eew Standard anemometer, and therefore could not say much 
about the smaller kinds ; but he believed that all sizes were more or less depen- 
dent upon the character of the wind. He would not go so far as to say that the 
factor might in some instances be double what it was in others, but he thought 
that there was still an uncertainty about it to the amount of 30 ner cent. Mr. 
Curtis had remarked that the cups took up the velocitv very quickly. No doubt 
they did so, but unfortunately they did not lose it with eaual quicVness, and it 
was this that made the instrument so unreliable. He had tried a good many 
anemometers, both of the Robinson and of the air-meter type, and also his own 
Helicoid anemometer. With regard to the latter, as the results were given in the 
preceding report, he would say nothing further about it. He had found that, 
having once tested an air meter, it was possible to predict the result of a second 
trial to within one or, at most, two per cent., and hence he considered the air- 
meter type of anemometer to be the best. He agreed with Professor Herschel 
that since the pressure varied as the square of the velocity, the velocity could 
always be found when the pressure was known. He liked the Robinson 
anemometer on account of its simplicity ; but he thought no instrument of that 
type could be depended upon to give the real mean velocity, because there was 
no doubt but that they all took up the proper velocity more quickly than they 
lost it. No modification of the factor could remedy this, because the departure 
from the mean was greater for a gusty than for a comparatively steady wind. 
This conclusion was the same as that which had been deduced from the 
American experiments, but it had been reached quite independently. He certainly 
thought that the factor 3 should be altered, or at least that the wording of the 
Kew certificate— viz. ** of the true amount " — should be changed, for it seemed 
to him absurd to continue calling the records of the Kew Standard " the true 
amount " when everyone acquainted with the matter knew well that they were 
nothing of the kind. 
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ON TESTING ANEMOMETERS. 



By W. H. DINES, B.A., F.R.Met.Soc, 



[Reoeiyed October 18th— Bead December 18th, 1889.] 

Thebe are, theoreticallj, two plans on which an anemometer may be tested, 
and the constants of the instrument determined, but both present consider- 
able practical difficulties. The first is to make a current of air pass over the 
instrument at a known velocity ; but since there is no perfectly correct 
method of measuring the velocity, the only way is to place the instrument in 
a tube and make a given volume of air, for example, the contents of a gas- 
holder, pass through the tube in a given time. This plan, however, is not 
satisfactory, for the air undoubtedly moves faster at the centre than at the 
sides of the tube, where it is impeded by skin friction, and also, unless a 
tube of very large cross section were employed, the instrument would occupy 
an appreciable portion of the space, and the calculation of the velocity would 
be rendered almost impossible. 

The second plan is to move the instrument itself at a known rate through 
still air, and if only still air could be obtained, there would be no further 
difficulty. A little consideration shows that it cannot matter whether the 
air pass over the instrument, or the instrument itself be moved through the 
air. In either case we obtain the velocity of the air relatively to the instru- 
ment, and nothing more. In the first the instrument is only fixed relatively 
to the earth's surface, and if it were possible to suppose a difference between 
the two cases, it would be necessary to go still further, and say that the 
motion of the earth itself must afiect the result. 

In consequence of the expense which would be incurred by arrangements 
suitable for moving an anemometer in a straight line, almost all experiments 
on the subject have been made with circular motion. Provided that the 
radius of the circle be large compared with the size of the instrument, the 
circular motion itself is perhaps unobjectionable ; but, unfortunately, two 
difficulties are introduced by it. The force required to retain the instrument 
in its circular path being very considerable, special care is necessary in 
the mounting, and after every precaution has been taken, the pressure of 
the moving parts of the instrument on the bearings, and therefore the 
friction is undoubtedly greater than it would otherwise be. This must alter 
the result, although the extent to which it does so is probably slight. 

The second difficulty is that the instrument is constantly moving over the 
same spot at short intervals of time, and consequently some of its motion is 
imparted to the air, which soon ceases to be perfectly still. This is 
particularly the case if the experiments are conducted in a closed building, 
and if the instrument is of any size or the speed at all great, the eddy set up 
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is very considerable. This second trouble is almost avoided by working in 
the open air, bnt it is, unfortunately, replaced by another. It is very 
seldom indeed that it is absolutely calm, and possibly during such a calm 
the same sort of eddy that occurs indoors might be set up by a large instru- 
ment, such as the Eew pattern anemometer, moving at a high speed. For 
certain kinds of instruments, however, the natural wind does not matter so 
much, but the difficulty of knowing how to allow for it in the case of the 
Robinson anemometer is very great. There are three reasons for this. In 
the first case the wind never blows uniformly, and any correction based on 
the assumption that the wind is steady is not correct ; secondly, if the 
anemometer does not register the same percentage for different velocities a 
further difficulty is introduced ; but perhaps this need not be considered, 
unless the rate of the natural vrind be nearly equal to that of the instrument. 
The other difficulty seems to belong especially to the Robinson anemometer. 
If this instrument be exposed to a wind, the velocity of which varies within 
wide limits at short intervals of time, it records a higher rate than it would 
do if exposed to a steady wind of the same mean velocity. The instrument, 
when in actual use, is exposed to a variable velocity, so that there is a certain 
advantage in trying experiments under circumstances which do, to some 
extent, agree with the actual conditions. 

Suppose an anemometer to be moved in a circle at a rate of 40 miles an 
hour, and that the wind is blowing at 8 miles an hour, it is clear that the 
relative rate of the anemometer ranges from 82 to 48 miles an hour, it being 
82 in the part of the circle in which it is moving with the wind and 48 in 
the opposite part. Also it may be shown that the mean relative velocity is 
veiy nearly equal to 40f miles per hour. An ordinary wind, the mean 
velocity of which is about 40 miles per hour, probably varies between far 
greater limits ; but at present we know little about the extent or frequency 
of the variations, so that when we have found the constants of the Robinson 
anemometer for a uniform speed we shall still be uncertain about the results 
when the speed is variable. Still, a wind varying between the limits of 82 
to 48 miles per hour is no doubt nearer to what occurs in practice than a 
perfectly uniform rate of 40 miles per hour would be. 

If we make three assumptions, there is no difficulty in finding the correc- 
tions which should be applied in the case of experiments made in the open 
air while there is some natural wind. Suppose that u is the rate of the in- 
strument, and V that of the wind ; also assume (1) that the wind is blowing 
steadily ; (2) that the registration of the instrument is practically uniform 
for all rates lying between u + v and u—v; and (8) that the instrument 

V 

records the mean velocity to which it is exposed. Then if --- is so small 

that I ^ I and higher powers may be neglected, the velocity recorded by 

the anemometer should beir + J^ I ^ I w. In the hypothetical case given 
above — namely, n « 40 and v = 8 — this gives a correction of only 1 per 
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cent., 80 that if the three assamptions made above were allowable, a slight 
or even moderate breeze blowing daring the experiment would not be of 
mach consequence. 

There is one other point which should be considered. A Bobinson anemo- 
meter is always placed with its axis vertical, and when in that position its 
record of the velocity is quite independent of the direction of the wind. 
When experiments are made with a whiriing machine, and the axis of the 
instrument is vertical — ^ihat is, parallel to the axis of the whirler — ^the 
inner cup has a much smaller velocity than the outer, and consequently 
experiments so made, and taken alone, are not of the least value. It is 
usual to reverse the position of the cups, so that they shall turn in the 
opposite direction, and then make another set of experiments. Using the 
number of turns of the cups relatively to the whirler — ^that is, the sum of 
the numbers of turns of both, when both turn in the same direction, and the 
difference when they turn in opposite directions, and taking the mean of the 
two sets — ^the final result must be very nearly correct. The trouble of 
making a double set of experiments may, however, be avoided by placing the 
axis parallel to the long arm of the whirler. In this position, assuming 
that the air is still, the direction of motion is parallel to the plane 
of the cups ; and although in practice an anemometer is never placed in this 
position, yet, when experimenting with a whirling machine, it represents 
the actual conditions more nearly than the vertical position would do. So 
long as the plane of the cups is parallel to the direction of the wind, it 
cannot matter in what particular position the instrument is placed, the only 
possible effect being a slight alteration of the friction. But in testing an 
anemometer upon a whirling machine, any slight alteration in the friction 
which may occur on account of the radial position of the axis is very trifling 
when compared with the alteration which is inevitably produced by the effect 
of the centrifugal force. 
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ON THE RAINFALL OF THE RIVIERA. 

By G. J. SYMONS, F.R.S., Secretary. 
(Plates n.-IV.) 



[Received September 13th.*Read December 18th, 1889.] 

RsQuiBiNa information respecting the rainfall of one of the towns on the 
Mediterranean coast of the Department of Alpes Maritimes, I was very 
much surprised to find how little was said aboat it even in the best books 
upon Cannes, Mentone, Nice, and the other towns on that lovely coast. 

I was, therefore, obliged to collect what I conld, and having done so it 
occurred to me that this collected material should be rendered generally 
accessible. This is the more desirable because Lord Brougham and Yanx 
has been kind enough to send me a complete copy of the very important and 
unbroken record kept at his Villa from 1865 to the end of 1888, and which 
has hitherto been unpublished. Besides it, I have collected observations 
from various sources, especially from the volumes Pluies en France, pub- 
lished by the French Meteorological Office, and from Professor Baulin's 
Observations PluviomStriques, 

In order to utilise the records which are themselves too short to afford 
trustworthy means, it has been necessary to choose some standard stations, 
and there are four at each of which the record is perfect for the ten years 
1877 to 1886. The totals at each of these stations have been converted 
into their ratios to the mean of the ten years, and the average ratio for each 
year has been assumed to represent the percentage by which each individual 
year was wetter or drier than the ten year mean. These values are given in 
Table I., and they are also plotted on Plate 11., in order to show by their close 
general accordance how safe is this mode of calculation. 

In Tables U. to X. is given the monthly and annual fall at every station 
whence I could procure it, and those values, uncorrected when they embrace 
at least ten years, and corrected by the ratios in Table I. where they arc for 
less than ten years, give the following approximate averages : — 



Approximate Mean Annual Eainfall at Stations on the BtvtERA. 

Inches. 
Cannes — Villa Louise El^onore, 1865 to 1888, 24 years... 
„ „ „ „ 1877 to 1886, 10 years... 



? „ „ 1877, 1 year ... 

,, Fonts et Cbaussees, 1880 to 1886, 7 years... 

„ M. Reynaud, 1888 & 1884, 2 years... 



81-89 

80-59 

24-6 

80-6 

800 



>» 

99 
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ApPBOXDiATE Mean Annual Rainfall at Stations on the Biviera. 

Continued, 

Inohei. 

Antibes— La Garouppe (Lighth.) 1877 to 1886, 10 years 28-67 

Nice— ]&cole Normale, 1877 to 1886, 10 years 81*22 

„ Port, 1880, 1 year 29-0 

„ Observatory (1116 ft.), 1888 to 1886, 4 years 26-7 

Villefranche (Lighthouse), 1877 to 1886, 10 years 27-52 

Monaco, 1880 & 1881, 2 years 22*8 

Besides the above, I have found incomplete records and several mean 
valaes which afford the following results : — 

Inches. 

Nice (quoted by SmoUett), 1849 to 1878, 80 years 82.2 

(quoted by Boubadi), 25*8 

(quoted by Baulin), 1829-81 & 1838-42 imp 29-6 

( „ „ „ ), 1870 to 1874, 6 years 85-2 

Military Hospital, 1864 to 1878 imp. 86.8 

ikcole Normale, 1865 to 1874 imp. 82*8 

Mentone — Various values ranging from 28*7 to 82*0. 

The positions of these several towns are shown on the sketch map, Plate 

m. 

The values given above differ so greatly for the same town as to leave one 
in doubt which to accept, but the impression left upon my mind is that the 
total annual fall along the Biviera from Cannes to San Bemo is about 81 
inches, and that any difference between the several towns has yet to be 
proved. The maps of Keith Johnston, of Eriimmel, and of Angot all show 
a ndnfall increasing from West to East. This may be true inland, but there 
is certainly no distinct evidence of it in any observations on the coast. 

Monthly Fall, 

The information upon this subject is very accordant. There is usually about 
2 inches a month up to and including May, then there are three dry summer 
months — June, July, and August — followed by three with large totals (4 
inches or 5 inches each), and then December drops to about the average of 
the early months of the year. 

These details will be better grasped by reference to Plate lY. 

There is, however, an anomaly with respect to the fifth curve, that repre- 
senting the observations from Nice for 1849-78, viz. that though the shape 
of the curve is very similar to the other four, all the features occur a month 
earlier. I have not the original, and cannot therefore say whether it is true, 
or due to an error in copying. Each seems to be equally improbable. 

Bainy Days, 

Days with less than 0*04 inch are, I think, rarely recorded in that district, 
and, with the generally bright sun and dry air, such falls would be of little 
importance. Still, when we find that the total of days of rain on the Biviera 
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is aboat 65 per annum instead of from twice to three times that nnmber, 
as recorded in England, we may perhaps derive some comfort from remem- 
bering that if a British observer were to reside there he would probably pick 
up sundry little showers which now escape notice. He might perhaps turn 
the 65 into 75, but even if so the total remains very small. 

Heavy Fails, 

Evidently with more rain than London, and less than half as many days 
with rain, the falls individually must be greater, and so they are ; in London 
falls of three inches in 24 hours are very scarce, but not so on the Riviera — 
there it either rains heavily, or it is fine. If it rains, the probability is that 
there will be half an inch before it is over — and as far as I can judge, it 
seems that the characteristics of the heavy falls on that coast are, not such 
short and intense rains as we get during thunderstorms in England, but per- 
sistent heavy rains, say 0*5 in. per hour for 8, 10, or 12 successive hours — 
that was the character of one of the great rains of the decade 1877-86, viz. 
that of October 26th, 1886, when I happened to be at Cannes and able to 
watch it. That day of the year (by-the-bye it is very near the anniversary 
of our Boyal Charter storm) is frequently very wet. The late Lord 
Brougham informed me that at his Villa on October 27th, 1882, the fall be- 
tween 2.80 p.m. and midnight was 4*50 inches, or half an inch an hour for 9^ 
successive hours. In the same letter his Lordship said that he had once 
measured *' an inch in twenty minutes.** That was certainly an exceptional 
fall, but much more remarkable cases are on record during the last 10 years in 
the British Isles, the greatest being 1*78 in. in 20 minutes during the great 
thunderstorm of June 28rd, 1878, at Camden Square. 

I ought perhaps to apologise for the sketchy nature of this paper, but if 
nothing is to be done unless it can be done perfectly, very little will be done. 
And no one will be more pleased than I shall be, if this paper is shortly 
superseded by a better one. 

P.S. — ^There was one other record of which I knew when writing the fore- 
going paper, but of which I could say nothing, because I had not the values. 
I refer to the record kept from 1866 to the present time by the talented 
author of Cannes et son OUmat and other works. Dr. De Yaleourt. He has 
been so good as to prepare a table of the monthly and annual rainiaU, and 
the number of days, which I hope that the Council will allow me to add to 
my paper, as greatly increasing its value. The mean rain&ll agrees 
closely with that reported by Lord Brougham, viz. 81 inches, and the average 
number of days with rain is 70, thus agreeing closely with the other stations, 
which give about 65. The wettest year was 1872, 66*09 inches, the driest 
1877, 17*88 inches. The wettest month, October 1872, with 20*59 inches, 
and the wettest day, October 27th, 1882, 5*48 ins. in 8 hours; this bein^ 
the day on which Lord Brougham recorded 4*50 ins, 
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TABLE I. 
Ratios or xaoh Tsab 1877- 1886 to the Mbak of thb whole pbbxod. 



Year. 


Cannes. 

yiUa Louise 

El^nore. 


Antibes. 
La Oaronppe. 


Nice, il^cole 
Nonnale. 


ViUefranche. 


Adopted 
Mean. 


X878 


67 


87 


88 


X07 


87 


75 


92 


106 


1x7 


98 


1879 


145 


136 


1x6 


"4 


X30 


1880 


86 


78 


8x 


80 


81 


1881 


"5 


xia 


X02 


XX2 


xxo 


1882 


X03 


94 


"5 


98 


X03 


1883 


122 


103 


X07 


xoo 


X08 


1884 


67 


60 


65 


49 


60 


1885 


106 


1X2 


"3 


XOI 


X08 


1886 


"4 


126 


107 


XI2 


"5 


Mean .. 


100 


100 


xoo 


XOO 


xoo 



:TABLB IL — Rainfall at Oannes (Villa Louise E16onore.) 



Tear. 1865. x866. 



January 
Feb. .. 
Mareh 
April ., 
May ., 
June •. 
Jnly .. 
Angost 
Sept. .. 
October 
Nov. . . 
Dec .. 



In. 

x'48 

x*40 

•23 

2'X5 

•70 

•27 

i'09 

1-39 

•15 

xi*50 

423 

5-58 



Totals 30* 17 



In. 
•09 

175 
8-X5 

4*43 
2-85 

•31 

•53 
1*09 

371 

7*23 
•06 

1*65 



X867. 



In. 

7-84 

414 
440 

•66 

x*52 

•00 

•08 

X'x6 

•47 
2*90 

2'00 

4*23 



x868. 



In. 

1-48 

•58 

379 
i'32 

•22 

•XI 

•70 

•44 

8-o6 
7-52 
5-87 
2*09 



X869. 

In. 
1^09 

X'lX 

4*oo 
•66 

2*7 X 

•92 

•00 

•20 

2*o6 

x*x9 

7-30 

3*49 



X870. 



X87X. 



In. 

X^2X 

5*55 

2^I3 

•92 

•00 

2-x8 

•82 
3-84 

•00 

2-83 

8-51 

•44 



3X^85 29^40 32^x8 124-73 |28-43 



In. 

2^2II 
1^42 

76- 
•70 

4*44 

259 
•00' 

•00* 

472. 
•36' 

10*28 

6-io' 



X872. 



In. 
6' 19 

2*3 X 

6*19 
4'oo 

3*04 
•00 

2-50 

•00 

•23 

16*90 

413 
13*91 



X873. 



33*58 5940 31*25 



In. 

78 
2'6S 

4'45 
372 
2*52 

•39 
•00 

•00 

»65 

8-xi 

7'95 
•00 



X874. 1875. 



In. 

1*90 

388 

1*37 
3-87 

•35 

x*i8 

•27 

.00 
2*71 

4'44 

•50 
2*92 



In. 
•12 

•55 

•X2 

3*53 
•53 

4*51 
•45 

X'20 
•56 

4*97 
•30 

1*76 



X876. 



In. 
.98 
•00 
3*oo 
3-87 
1*42 

•95 
•06 

1-38 

•12 

4*02 

5-48 

5*96 



23*39 18*60 27*24 20*58 



1877. 

In. 
x'98 
•00 
3*68 
2*98 

3*04 

•45 
•24 

•07 

•09 

2*82 

5'07 
•16 



Max. fall 2*95 6'2o 2*50 2^x6 7*30 3*88 5*00 3*90 2^92 2*45 3*60 2*40 2^60 
Dajvof 
nun ^3 58 54 61 39 37 5© 62 43 32 32 43 29 



Year. 



January 

Febroary 

March 

April 

May •• 

Jane •• 

Jnly 

Angnst •• 

September 

October 

NoTember 

December 



X878. 



In. 
•00 
•00 

i"34 
245 

X^26 

x^7X 
•00 

I '60 
•98 

3 "06 

6'7X 

3"9i 



Totals . . . . 23*02 44'2o 26*23 



X879. 



In. 

476 
3-58 

779 
8*7 X 

6*96 

.32 

•34 

*40 

687 

•63 

3*22 

•62 



x88o. 



In. 

•35 
328 

•12 
2*26 
2*99 

3*04 
•00 

2*88 

2*27 

•66 
8*18 

•20 



x88x. 

InT 

542 
2^98 
x^oo 
1-38 

403 

•64 

•00 
3-i8 
4^oo 
5*85 

3*59 
3*15 



X882. 



In. 
2^x9 
x^03 
X65 

•94 

3*19 
•00 

•15 
•xo 

6*25 

12*34 

1*00 

2*72 



1883. 

In. 
10*42 

3'32 
6^40 

5'3i 
2*19 

•94 
•52 

*X2 

3*10 

2*39 
X'90 

•77 



1884. 



35*22 31*56 37*38 20*51 32*34 34*89 



In. 
•91 
X'09 

X^27 

3*77 
X-5X 

2'9I 

•14 

•16 

1*90 
2*32 

•40 

4*13 



X885. 



In. 

4*31 

5*45 
•97 

2*75 
x*x3 

4*35 
•00 

X*OI 
1*10 

630 

4*41 

•56 



x886. 



In. 

5*45 
238 

2*08 
342 

X*20 

*66 
*xo 

2'XO 
X*62 
7*91 
6*41 
1*56 



1887. 



In. 
4*72 

X*28 

•88 
4*12 

•49 

1*85 

X*OI 

•15 

•79 
408 

12*56 

3*87 



35-80 



x888. 
In. 

X*02 
2*58 

6*88 

x-94 

•16 

2*22 

•43 
3*38 
i^6o 

•85 
15*27 
17*08 



Mean 
24yr8. 



In. 

279 
2*18 

3*03 
2*91 

2*02 

1*35 

•39 

x*o8 

2*25 

5*05 
5*22 

3*62 



53-41 31*89 



Max. fall . 
Days of rain 



i*6o 3*10 3*40 3^x0 4*70 
49 59 43 60 42 



3'2o 2*00 3*60 3*00 3*05 5*8o 
53 44 50 61 49 51 
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ni. 



IV. 



V. 



Year. 



January . 
February , 
March . . , 

April 

May 

June 

July 

August ... 
September 
October . . . 
November 
December 



9 5^ o 



1877. 



In. 

1-50 
•04 

3*98 

2*76 

3*50 

•63 

•32 

•08 

*I2 

1*38 

6*81 

*28 



Cannes (Fonts et Chauss6es). 
Aboye Sea 16 ft. 



1880. 



In. 

•35 

303 
•16 

3-98 
1*89 

1*97 

•00 

2*52 

3*15 

1*22 
6*02 
1*69 



1881. 



In. 

5*59 

2-05 

•52 

i'57 
4*10 

•59 
*oo 

370 
1*85 

5*91 
3-66 

2*64 



1882. 



In. 

I'22 
I'lO 

1*54 
I '06 

2*13 

•00 

•39 
•16 

4*21 

ii*o6 

71 
2*44 



1883. 



Totals 21*40 b5'98 32*18 26*02 35*51 20*39 34*88 34*73 31*58 18*75 



In. 

776 

342 

7*28 

4*45 

1*93 
1*22 

71 
*i6 

374 
2*36 

1*77 
71 



1884. 



In. 

•59 
i*io 
1*81 

3-58 
1*85 
2*72 
•16 
•12 
2*01 
2*40 

•39 
3*66 



1885. 



In. 
2*64 

4*13 
1*14 

3'3i 

1*34 

5'39 
•00 

177 

2*32 

8*07 

4*06 

71 



1886. 



In. 

4*88 
2*56 
i*8i 
1*18 

1*57 
•91 

•28 

173 

1*46 

9*65 

6*22 
2*48 



Cannes 

(B^nand). 

Aboye Sea 49 ft 



1883. 



In. 

4*57 
5*55 

6*02 

4*02 

1*89 

•98 

71 
•16 

315 

2'OI 

1*89 

•63 



1884. 



In. 

79 
•67 

1*89 

3*19 
1*77 

2*76 

•16 

•08 

1*34 
2*40 

•39 
3*31 



1885. 



In. 

2*13 

378 

•59 
2*60 

1*50 

4*88 

•00 



8*94 

3*47 

•39 



Max. Fall 2*32 

Days of Bain • . 



2*72 2*05 5*47 2*52 1*89 3*94 2'28 

56 70 58 74 69 



VI.— Aktibes (La Gabouppb). Aboye Sea 266 feet. 



Year. 


1877. 


1878. 

In. 

•55 

•04 
I '06 

279 
1*26 

1-34 
i-i8 

1*06 

1-85 

4-17 
7*48 

3-50 


1879. 


1880. 

In. 

•28 
4*10 

*o8 
1*89 
1*81 
1*58 

•00 
I 89 

3-03 
1-50 

5'20 
1*02 


1881. 

In. 

654 

I 06 

1*14 

i*i8 

5*39 

*7i 
•00 

3-15 
5-16 

370 

2*95 
1*26 


1882. 

In. 

2*99 
•63 

•98 

•32 

1*50 

*oo 

•28 
•04 

575 
10*98 

79 
2*56 


1883. 


1884. 

In. 

•67 

79 
1*85 

3" 

1-46 

1*50 

•00 

*28 
2*20 
2*21 

•67 

2*60 


i88s. 


1886. 


Mean. 


January. . .. 
February .. 
March .... 

April 

May 

June 

July 

August .... 
September 
October .... 
NoTember . . 
December .. 


In. 
1*81 
*oo 
4*72 

244 

307 

•24 

•55 
•00 

•51 

4'02 

7*36 

•35 
2507 


In. 
362 

5*35 

4*45 
6*42 

6*o6 

*i6 

•24 
•32 

7-91 

•83 
1*50 
2*05 


In. 

4*61 

4*57 

5*12 

3-82 
1*58 
1*18 

•43 

•35 
4*25 

1*69 
(1-38) 
•59 


In. 

3-" 

3-66 

71 

1*97 

•94 
6*65 

.16 

•55 
5'oo 

4*68 

4*21 

-35 


In. 

4-33 
2*13 

1-73 
2*40 

177 

r*io 

•08 

1*38 

-94 
9*61 

7*8o 

2*87 


In. 

2*85 

2*23 

2*18 

2*63 

2*49 

1*43 
•29 

•90 

3-66 

4*34 

393 
1*72 


Totals .... 


26*28 


38-91 


22*38 


3224 


26*82 


(29-57) 


17-34 


31*99 


36*14 


28*67 



Max. Fall..., 3*62 1*18 3*50 2*20 3*19 5*00 i*6i 
Days of Bain 52 54 



5-00 
61 
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Vn. — NiOB. J^coLE Normals. Above Sea 56 feet. 



Year. 


1877. 


1878. 


1879. 


1880. 


I88I. 


1882. 


1883. 

In. 
4^88 

4'57 
3*66 
3-90 
3*" 
3*19 
•98 

•43 

1*77 
3*86 
2*6o 

•59 

33*54 


1884. 

In. 

71 

*75 
2*72 

3*3 ^ 
I -06 

2^6o 

•00 

2^20 

3-03 
I -06 

•59 
2'20 


1885. 


1886. 


Mean. 


January 
Feb.. .. 
Mardi.. 
April .. 
May.. .. 
Jane . . 
July.. ., 
AoguBt . 
Sept. . . 
October 

Nov 

Deo.) 


In. 

1-54 
•00 

5*83 

3*47 
327 

1*34 
•63 
•04 

•47 

3*50 
7-05 

•28 


In. 

71 
•00 

173 

(2*95) 

1*93 

•91 
•08 

( -98) 

(3*94) 
9-65 

571 

4*49 


In. 
1*65 

4*41 

(600) 
803 
•00 

•43 

71 

4*57 
•67 

1-30 
1-57 


In. 
•00 

3*43 
•20 

3-58 
1*50 

(2^28) 
•08 

2*79 

3*19 

2^0I 


In. 

5*79 
1-38 

*75 
173 

3-27 
1*42 

•00 

272 

4*13 

4*13 

5*59 
I '06 


In. 
i^o6 

•95 
213 

ITO 

3*23 
•08 

•51 
•16 

7*13 

14*96 

I -65 

2*99 
35*95 


In. 

2-68 
7-91 

I '02 

5*43 

1*73 
2*05 

20 

•75 
1*30 

772 

3*98 

*59 


In. 

5*51 
1-50 

1-65 

3*23 
2*09 

71 
•12 

1*42 

1*26 

7-09 

5*55 
3*39 


In. 

2*45 

2*49 
2-63 

3*47 
2*92 

1-46 

•30 

1*22 
3*08 

5*47 

3*87 
1-86 


Totals .. 


27^42 


(33-08) 


(35*95) 


(25*20) 


31*97 


20'22 


3536 


33*52 


31-22 



Max. Fall 2*91 4^13 1^93 2^36 3*07 



Days of Bain 



fOct.^ 
28 I 

571 L 

Oct. f 

12 I 

52 



2*79 



74 40 62 76 



vm. 



IX. 



Tear. 



January . . , 
February 
March .. , 

April 

May 

Jnne 

Jnly .. 
Angnst ... 
September 
October ... 
November , 
December 



Nice (Port) 

Above Sea 

30 ft. 

1880. 



In. 

•16 
2-36 

•00 
3*19 

1*54 
2-28 

•08 

216 

3*07 
2-13 

5*04 
1*50 



Totals 23^51 



Max. Fall . . . 
Days of Bain 



Nice (Observatoire), 
Above Sea 11 16 ft. 



1883. 1884. 1885. 1886 



In. 
3-62 
1*42 
4^o2 
287 
2*24 
236 

'20 
•43 

*55 

39 

*75 
•12 



18-97 



In. 

( '79) 

•83 
2-28 

2-48 

•94 
362 

•24 

75 
2-01 

I'lO 

•39 
2*44 



(17-87) 



In. 

2*17 

5*83 
I -06 

3*54 
I 46 

2-76 

-00 

•98 

75 
10*04 

3*82 
•83 



33*24 



57 



4*25 
109 



In. 
6-58 
1*50 
1-38 
2*99 
2*24 

•94 

*28 

•75 

I-I4 
6-77 

5*63 
3*98 



34* '8 



2*76 
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STMONS— ON THE RAINFALL OF THE BITXBBA. 



X. 



XL 



Year. 


Yillcfranche, Above Sea 207 ft. 


Monaoo. 


1877. 


1878. 


1879. 


1880. 


188 1. 

In. 

5-28 

*63 
i*6i 

1*54 

3*15 

'35 
•00 

i*6i 

4*68 

5*75 

5*39 

•83 


1882. 


1883. 


1884. 

In. 

•52 
1*10 

1*73 
2*95 

•47 
2*17 

•00 

•20 

i'30 

I '02 

•67 

•42 


1885. 


1886. 


Mean. 


1880. 


x88i. 


January 
February 
March . . 
April .. 
May .... 
June . . 
July .... 

Aug 

Sept. . . 
October 
Nov. . . 
Dec 


In. 
1-50 
•00 

7-44 
2*91 

2*99 

*35 
•32 

•00 
i-i8 

3*94 

8-54 
•16 

29*33 


In. 

71 
•04 

1*26 

3-07 

3*50 

1*22 

•00 

•91 

4*45 
6-58 

6-38 
3-98 

32*10 


In, 
1-97 

319 

5*43 
6-8i 

752 
•12 
•08 
•08 

4*45 
1*06 

1*42 

189 


In. 
•12 

279 
•08 

3*54 

1*34 
1*97 

•00 

2*01 
2*56 
2*13 

4*13 
1*34 

22'OI 


In. 
*9i 

•43 
2*60 

•35 
2*01 

*oo 

*I2 
•12 

5*75 
ii*i8 

1*06 

2*56 

27*09 


In. 
4*69 

4*02 

3*94 
3*62 

248 

1*50 

*i6 

•55 
173 

2*87 

2*09 

•00 


In. 

2*17 

4*53 

•87 

2*6o 

1*65 

1*77 
•00 

•55 

2'13 

6*06 

4*61 

•91 


In. 

4*96 

1*38 

i'50 
2*32 

158 

1*06 

•00 

75 
1*50 

524 
6*50 

4*02 


In. 
a*28 
r-8i 
2*65 
2-97 
2*67 
1*05 
0*07 

•68 
2-97 

4-58 
4-08 
1*71 


In. 
•20 

327 
•04 

3-98 
1-69 

1-93 
•00 

2*60 

323 

3*35 

4-»7 
1*50 


In. 

5*63 

•24 
1*10 

2*13 

i*8i 

•43 
•00 

75 
x*3o 

1-97 

•43 
z*o6 


Totals.. 


34'02 


30*82 


27'65 


13-55 


27*85 


30*81 


27-52 


l25'96 


16*85 



Max. Fall 3*31 
Days of 
Bain 



2*95 1*97 1*42 3*15 4*8o 



49 



1-65 

78 



2*01 



53 75 



2*01 i'Z4 



81 



Summary of Rainfall Observations at CanneSi 1866-1888. 



By M, le Db. DE VALCOURT. 

1866-87, Villa Glaba. 1888 Villa Haxttibitb. 



Tear. 


1866. 1867. 


1868. 


1869. 


1870. 


X871. 


1872. 


1873. 


• 


• 

g 


. 


• 


• 


• 


• 


• 


• 


• 

g 


• 


• 
1 


• 


4^ 


• 


.^ 







1 

In. 


Q 


$ 


1 


In. 




1 


80 



1 


1 




& 

Q 


1 




1 




In. 




In. 




In. 




In. 


In. 


In. 


January . . 


4 


•89 


II 


6-53 


3 


•87 


5 


I*IO 


8 


2*46 


9 


4-64 


16 8*26 13 1-66 1 


February .. 


8 


1*33 


7 


452 


I 


•57 


5 


1*65 


15 


6*6o 


I 


•02 


7 2*60 


6 238 


March .... 


14 


8-15 


12 


411 


5 


3*92 


16 


470 


5 


2'26 


8 


I'i6 


7 


5*59 


8 3*28 


April .... 


8 


5*04 


4 


•56 


4 


•86 


5 


•94 


I 


•83 


2 


•23 


II 


6*19 


5 


3*87. 


May 


7 


3-38 


5 


167 


8 


•61 




. . 





•00 


8 4*6o 


9 


3*35 


4 


1-87 


June 


. . 


• • 


• • 


. . 


4 


•82 




• . 


3 


370 


7i 3-56 





•00 


7 


•48 


July 


1 . . 


1 
* . * * 


. t 


6 


•61 




. « 


2 


1*50 


3 '17 


5 


1-48 


0' 'OO 


August .... 


* * 


. . 


• • 


. . 


4 


•82 




. . 


4 


•46 


2 


•18 


2 


•31 


*oo 


September 


8 


4*21 


I 


•90 


9 


975 




. • 


2 


•94 


7 


5*94 


I 


•20 


31 75 


October 


. • 


* . 


7 


2-65 


9 


881 




. . 


2 


2*05 


4 


•99 


19 


20-59 


12, 8*42 


November 


2 


•28 


7 


279 


10 


5*54 


5 


2*41 


13 


646 13 


xo*i6 


7 


4-00 


9' 7-68 


December . . 


5 

• • 


2*04 


7 

• • 


375 


II 

74 


232 
35-50 


9 


6*14 


16 


5*28 


5 


4-37 


14 


13*32 


2 
69 


•II 


Yearly Total 


. . 


t • • • 


71 


32*54 69 


36*02 


98*66*09 


» 30*50 




STUOKS — OH THX IUIN7AIX OF THB BITIXBA. 



SumoKY OP Badjfall OBBERVATiose AT Cannkb, 1868-1888. — Continued. 



Jtkoaaxj 
Febroaiy 

May '.', 

July '.'. 

Boptembet, 
October . . . 

NoTwnber . 
Docember . 



Yearly Totsl]47!a5-a8|6g 



■4^'77'T5S 59l'7-38:6SM'g 84139-61^61 24-77 75 



January,. 
February 

April ..'.! 
Iby .... 

Jnly '.'.'.'. 

September 
October . , 
Noveniber 
December . . 



Torly Total 



S4I 36-08 6jl 3 1-^ 



IImui 1868, 1870-88 I- 30 years 3179 ins. Mean 1877-86 = loyenrBasej ii 



DISCUSSION. 
The PKEaiDEMT (Dr. Marcet) remarked that Mr. Symbng was eiceedincl)' 
modest in deicribing hitpaper as sketchy, for it was really a useful and valuabie 
eoininniiication. He bad spent nine successive winters in the Riviera, three at 
Nice, and six at Cannes, and could confirm what had been said respecting the 
rainfall being heavier there than in oar own country. The wet weather 
always came with the easterly vind, and frequently quite suddenly. The north- 
westerly wind, or " Hiatral," was the fine weather wind, and be had seen a very 
cloady sky become clear within half an hour of the time when the " Miatral " 
commenced to blow. He did not know any place where the changes of weather 
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were 80 rapid as in the Riviera. He was not in the Riviera when the heavy 
rainfall ,in 1882, mentioned ,by Mr. Symons, was experienced ; but he heara 
about it, and knew that it occasioned ver}' disastrous floods. Fortunately such 
experiences were rare, and any fear of such a phenomenal rainfall need not deter 
anyone from wintering in the locality. 

Mr. Tkipp remarked that there were two stations on this coast — Marseilles 
at the western end and Genoa at the eastern end — at which long series of rain- 
fall observations had been made. He had forgotten the actual figures, but it 
appeared to be a characteristic feature of seaports to have a high range of fall ; 
and he recollected that at these two stations the total for the wettest year was 
more than twice the average yearly total ; and at St. Bernard in the back country 
at a great elevation the total for the wettest year was nearly three times the 
mean of a long series of years. 

Mr. Brewin pointed out that the position of Monaco possibly accounted for 
its getting less rainfall than the other towns in the Riviera, as it projected 
further from the mountains, and so was less under their influence. 

Mr. Habries remarked, concerning the exceptionally heavy fall of an inch in 
twenty minutes at Nice, that heavier falls had been reported in France. On 
June 22nd, 1889, 1-73 inches fell in 20 minutes at Rochefort, and on the previous 
day 1-6 inches in 15 minutes at Trampot. On June 6th, 1888, at Frain, 1*65 
inches was recorded in 15 minutes ; at Toulouse in April, 1841, 1*5 inches ; and 
in March, 1844, 1*58 inches fell in 15 minutes. 

Mr. SouTHALL observed that the greatest falls seemed to occur in the autumn 
months in the Riviera, whereas in the British Isles the spring months were those 
in which the heaviest falls were experienced. 

Mr. Symons, in reply, said that the heavy rainfall at Cannes in October, 1882, 
was recorded at two stations, and the two returns were consistent with each 
other. The rainfall in the latter part of the year was heavy, and there were 
many cases of from 10 to 20 inches in a month. 



REPORT ON THE 

PHENOLOGICAL OBSERVATIONS 

FOR 1889. 

By EDWARD MAWLEY, F.R.Mkt.Soo., F.R.H.S. 



[Bead December 18th, 1889.] 

Fob the purposes of this Report I have divided the British Isles into districts 
differing very slightly from those adopted by the Meteorological Office. For 
greater clearness these districts have, however, been considered in a reversed 
order, beginning with the warmer parts of these Islands and proceeding 
irrejTularly upwards towards the colder. In order to prevent confusion, the 
different districts are here indicated by capital letters instead of figures. 

The following is the list of stations and observers for the past year (p. 68). 

The only station not included in last year's report is that at the Horticul- 
tural College, Swanley, Kent. Ireland South (Q.) and Scotland East (J.) 
and North (K.) are altogether nnreprosented. 
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It 
t> 
»• 
tt 

B. 

tt 
C. 

ft 
tt 
tt 
tt 
D. 

tt 
tt 

tt 
tt 
tt 



H. 

I. 



Station. 



Babbaoombe (Torqaay) 

TiTerton 

Westward Ho (Bideford) 

Uflk 

Wells 

EiUarney 

Wioklow 

Pennington (Lymington) 

Bnokhom Weston (Wincanton) 

Salisbory 

Swanley (Dartford) 

Ealing 

Oxford 

Northampton 

Thnrcaston (Leicester) 

Belton (Grantham) 

Macclesfield 

Hodsook (Worksop) 

Taoolneston (Wymondham) 

Settle I 

Tynron 
Durham 



County. 


Observer. 


Devon 


E. E. Glyde 


Devon 


MisB M. £. GUI 


Devon 


H. A. Evans 


Monmouth 


C. Mostyn 


Somerset 


The Misses Livett 


Co. Kerry 


Ven. Archdeacon Wynne, D.D. 


Co. Wicklow 


The Misses Wynne 


Hants 


Miss E. S. Lomer 


Dorset 


Miss H. E. H. D*Aeth 


Wilts 


W. Hussey and E. J. Tatum 


Kent 


C. A. Hooper 


Middlesex 


A. Belt 


Oxford 


F. A. Bellamy 


Northampton 


H. N. Dixon 


Leicester 


Bev. T. A. Preston, M.A. 


Lincoln 


Miss F. H. Woolward 


Cheshire 


John Dale 


Nottingham 


Miss A. Mellish 


Norfolk 


Miss E. J. Barrow 


Yorkshire 


S. S. Bnrlingham and 


(West Riding) 


The Misses Thompson 


Dumfries 


James Shaw 


Durham 


H. J. Carpenter 



The Autumn of 1888. 
The first two months of this season were very cold, dry and sunny, 
whereas November, on the other hand, proved singularly warm, wet and 
sunless. Early in October there occurred a series of frosts of exceptional 
severity for the time of year, which, especially in the Midland counties, did 
considerable damage to the foliage of trees and gave a sharp check to vogota- 
tion generally. Owing to the same cause, the number of wild flowers was 
after this time very limited, while the autumnal tints were poor and of brief 
duration. In more favoured localities, however, certain summer- flowering 
plants came into blossom a second time, and here and there a few spring 
flowers were also to be seen. This was a very unfavourable season for ripen- 
ing the wood of fruit and other trees. 

Observers' Notes, 

October, i8S8.— Ealing (C). 14th. Last swallow seen. Settle (P.). 10th. 
A wild rose was found in full flower on one of the hedges near here. 

November.— Penntnjr/on (C). Green and golden plover plentiful. Black- 
birds and thrushes singing throughout the month. Hedge banks in places bright 
with Herb Robert and Hare Bells. Wheat sowing much interfered with by rain 
and on some lands impossible. 6th. Christmas rose in blossom. 14th. Brim- 
stone butterflies seen. 

The Winter of 1888-9. 
Taking the country and also the season aa a whole, this was a rather cold, 
very dry and unusually gloomy winter. In the South of Ireland, in the 
West of Scotland and also in the North-east of England the weather remained 
as a role mild, but in all other districts, after December, it was more or less 
unseasonably cold. In the Midland and Eastern counties there occurred two 
rather severe frosts, one at the end of the first week in January and the other 
about the middle of February. Fortunately, on each occasion these frosts 
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TABLE U.— Din (Dii or Tuk) ov Ftut 8oh<i urn Uiaunox or Bum, i: 



c 


Statioas. 


Bona. 


Miaunoir. 


i 

6 

1 


3' 
117 


1 

1 


3 

119 


■i 


1 
@ 

i 

•"4 

!i 

iiB 


1 


1 


g 

'98 
log 

loS 
114 
109 


■■ 


1 

.04 

■3» 


lag 
119 
■3' 

"5 
"4 

'3» 

\li 

>3» 


lig 


5 
lifi 

;ii 

I>g 

no 


A. 

B. 
0. 

ii. 

E. 
F. 
H. 
I. 


Udt 

Wioklow 

Fcuniagtoii 

Buokhom Weston . . 




94 

:: 

117 
Its 


>»S 


Swanlej 




"S 
"9 


■:: 


9» 


It 

*5 


Oxford ,. 




M^clesEeld 

Hodaocli 

SoUle 

Tynron 

Darham 


js 


11* 
lt+ 

130 
119 


116 



TABLE nL— D^n (Dii or Tbu) or Fntsr Afpbibikck or hnmon txD Fboo Smwh, 





Igg9 


















District. 


BUtion. 


11 


1 


rt 


Q. 1 


} 


ll 

■^0 


i 
1 


1 


A. 
B. 

C. 

£. 

1. 


Uak 


.!« 


'44 

U4 
.63 


■it 

"4 


134 
.0; 
114 

3 


if 
;!i 

9» 


140 
>i6 

'Al 

140 
141 

■if 


97 
93 

79 
84 


'i* 






pQDnington 


134 
13» 


"4S 


aaliBburj -,... 

awaoley 

EaliDg 

Oxford 
















Tacolneston 

Dorham 






S 


;;2 





lasted only a few nights, and the weather being dry at the time, but little 
injury was done by them. Indeed, as regards both ttacm and garden crops, 
they served to give a wholesome check to their growth, which, owing ta the 
great mildneaa of November and December, wag becoming dangerously for- 
ward. In many parts of the country, however, no frosts worth mentioning 
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TABLE IV.— Estimated Yield op Farm Crops in 1889. 



Desoripiion of Crop. 



«••••••••• 



••«••••••• 



•••••• 






Wheat 

Barley 

Oats 

Com Harvest began, 

average Date, 
Beans 
Peas .., 
Potatoes 
Turnips 
Mangolds 

Hay 



• • • • • 



• • . . • 



••«•••• 



••. •«•••••••• 



England. 



A. 
SW. 



O. Av. 

O. Av. 

O. Av. 

222 

(Aug. 10) 

U. Av. 

Av. 

O. Av. 

.0. Av. 

O. Av. 

Mnoh 

Av. 



(I M 
V O. 



0. 


D. 


E. 


F. 


s. 


Mid. 


E. 


NW. 


0. Av. 


0. Av. 


0. Av. 


0. Av. 


0. Av. 


U. Av. 


0. Av. 


Av. 


0. Av. 


U. Av. 


0. Av. 


Av. 


215 


227 


218 


224 


(Aug. 3) 


(Aug. 1 5) 


(Aug. 6) 


(Aug. 12) 


Av. 


U. Av. 


U. Av. 


• • 


Av. 


U. Av. 


Av. 


• • 


0. Av. 


0. Av. 


Av. 


0. Av. 


0. Av. 


0. Av. 


0. Av. 


0. Av. 


0. Av. 


0. At. 


0. Av. 


0. Av. 


Mach 


Much 


Much 


Much 


0. Av. 


0. Av. 


0. Av. 


0. Av. 



I. 

NE. 



0. Av. 
0. Av. 
U. Av. 

226 
(Aug. 14) 

Av. 

Av. 

Av. 

Av. 
O. Av. 
Much 
O. Av. 



Description of Crop. 



• ••!•• •••• •• 



Wheat 

Barl^ 

Oats 

Com Harvest began, 

average Date 

Beans 

Peas 

Potatoes 
Turnips 
Mangolds 

Hay ... 



! 



Scotland. 



H. 
W. 



• • • . • 



••••*•••• 



0. Av. 
O. Av. 

(Aug. 22) 



0. Av. 
0. Av. 



J. 

E. 



N. 



Ireland. 



B. and 
G. 

S&N. 



O. Av. 

Av. 
U. Av. U. Av. 

238 I 339 
(Aug. 26) (Aug. 27) 



|i 0. 



Av. 



0. Av. 
Av. 

• • 

O. Av. 



Av. 
Av. 

. • 

U. Av. 



O. Av. 

0. Av. 

Av. 

228 
(Aug. 1 6) 



Av. 

Av. 
O. Av. 
Much 
O. Av. 



British 
Isles. 



0. Av. 

0. Av. 

Av. 

227 
(Aug. 15) 
U. Av. 
U. Av. 
O. Av. 
O. Av. 
O. Av. 
Much 
O. Av. 



O. Over. U. Under. Av. Average. 

This Table has been compiled from Betums sent in to the Agricultural Gazette at 
the end of the Summer. 



occnrred until the middle of the last month of the quarter. In these districts 
there was throughout the whole winter a fair sprinkling of wild and garden 
flowers to be seen. 

Observers* Notes, 

December. — Bahhaeomhe (A.). Owing to the unusual mildness of the season, 
birds were singing, trees budding and many flowers in blossom throughout the 
month. Pennington (C.)* Primroses out in woods and lanes] throughout the 
month, and in the wardens periwinkle and polyanthus also in blossom. 5th. Chaf- 
finch singing. 6th. Brimstone Butterfly seen. 28th. A blackberry blossom 
gathered. Maccle^ld (D.)* The gardens looked fresh at Christmas and tlie 
grass greener than I remember it to have been at that time of year. 

Januabt, 1889. — Babbacombe (A.). Owing to the absence of severe frost, 
many flowers, including roses, were in bloom, while birds were singing throughout 
the month. Wicklow (B.)' A very mild month. Crocuses out in the borders 
daring the last week, also quantities of primroses and wallflowers. The Abu- 
tilon in flower all the winter. Thrushes have had their full song all this month, 
like as in spring. Pennington (C,)* Wild flowers unusually plentiful and birds 
sinffing. Plover scarce. Ist. Primroses, polyanthuses, periwinkles, wallflowers 
and garden anemones in bloom. 15th. Daphne laurels in blossom. 20th. Barren 
strawberry in flower — earliest date since 1884, when it was out on the 9th. 
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TABT.B v.- 


EsTivATSD Yield or Fbuit Crotb ih i 


889. 




Desoription of Crop. 


England. 


A. 

SW. 


C. 

S. 


D. 

Mid. 


E. 

E. 


F. 

NW. 


I. 
NE. 


1 

! Apples 

Poars 

Plams 

Raspberries 

Onrrants 

Gooseberries 

Strawberries | 


U.At. 
U.At. 
U.At. 
0. At. 
0. At. 
0. At. 
Maoh 
0. At. 


U.At. 
U.At. 
U. At. 
0. At. 
0. At. 
0. At. 
Mnoh 
0. At. 


U. At. 
U.At. 
U.At. 
0. At. 
0. At. 
0. At. 
Much 
0. At. 


U.At. 
U.At. 
U.At. 
0. At. 
0. At. 
0. At. 
Maoh 
0. At. 


U.At. 
U.At. 
U.At. 

At. 

At. 
0. At. 
Mnoh 
0. At. 


U.At. 
U.At. 

O.At. 

At. 
O.At. 
HikOi 
O.At. 


1 
Desoription of Crop. 




Scotland 


» 


Ireland. 


British 
Isles. 


H. 

W. 


J. 

E. 


K. 

N. 


B. and 
G. 

S<ftN. 


AoDles • 




U.At. 
U.At. 

0. At. 
0. At. 
0. At. 
0. At. 
Much 
0. At. 




U.At. 

U.At. 
At. 
0. At. 
0. At. 
O.At. 
Much 
O.At. 


U.At. 
U.At. 
U.At. 
0. At. 
O.At. 
0. At. 
Mnoh 
O.At. 


Vmn , 


Plums • ..it.-k.. 




OnTrftnta ..,,,,-. 







This Table has been compiled from 
the Qarden during the Antnmn. 



O. Over. U. Under. At. ATerage. 

Returns sent in to the Oardener$' Chnmcle and 



23rd. Snowdrop in blossom. 31 st. Celandine in bloom — earliest date for six 
years. Buchhom Weston (C). A great quantity of primroses in blossom, not 
only in sheltered nooks but in more exposed places. Thrushes haTe been singing 
all the month, and I have found two olackbirds' nests in process of building. 
Kooks, too, have begun to build, tkdishury (C.)- Up to the end of the month, 
no frog spawn had been seen. 21 st. No fertile flowers of the Hazel could be 
found. Catkins unusually small. Vegetation generally was, at this time, by no 
means remarkably forward. HodsocJc (D.)* At the end of the month a few 
snowdrops and aconites were in flower, also a few primroses. 27th. Both barren 
and fertile flowers of the Hazel in blossom. 

February. — Uah (A.). Have noticed comparatively few fieldfares this year. 
Pennington (C). Vegetation made scarcely any progress during this month. 
9th. A pear in blossom— a solitary flower. 25tn. Yew in blossom. HaccleS' 
field (D.). 2nd. A change to colder weather. Many plants were kiUed — 
wallflowers, pansies, &c. 8th. Heavy snow storm, the oranches of many trees 
and shrubs broken by the weight of snow. Plum trees and Scotch firs suffered 
most. Uodiock (D.). Snowdrops in full flower. Tacolneston (EX 2nd. Pyrus 
Japonica, with a good many flowers open, on a sheltered south wall. These 
blossoms were, however, destroyed by frost during the second week. 

The Spring of 1889. 

This was in all districts a more or less cold spring, with a beavy rainfaU 
and a considerable amount of bright sud shine. Early in March there 
occurred in most localities an nnusnally severe frost. Indeed, the weather 
was then in many places colder than at any time during the three previous 
winter months. The only districts 'which appear to have escaped this frost 
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were Ireland South and England South- west and West. During April no 
damaging cold was recorded, but throughput a grbat part of the month low 
temperatures prevailed almost everywhere. The absence of night frosts in May 
was the most marked characteristic of that month, and as affecting vegetable 
growth the most noteworthy feature of the year. Until the end of April 
vegetation was almost everywhere very backward, but the warm showery 
weather which May brooght with it wrought a complete change, and from 
this time a very rapid advance was made. The foliage of trees at the close 
of the season was remarkably luxuriant. Several observers, both in the 
warmer as well as the colder districts, mention the absence of bloom on the 
beech and ash. On the other hand, the blossom on such fruit trees as 
apples, pears, cherries, Ac, proved unusually abundant. Nevertheless, on 
close examination these blossoms were found to be in many cases imperfectly 
formed, while the young leaves suffered greatly from the ravages of cater- 
pillars and aphis. As regards birds, the spring migrants seem everywhere 
to have been less numerous than usual, and to have been, moreover, late in 
making their appearance. 

Observers* Notes. 

MAB(m.^Babbacambe (A.). 27th. Hawthorn in leaf. Usk (A.)- Vegetation 
^nerall^ stationary after about the 20th, owing to cold weather. Wells (A.)- 
Vegetation backward, not so much from prolonged or severe cold as from absence 
of snnshine and cold dampness. Pennington (C.). Spring sowing on heavy soil 
verv backward by end of month, owing to frequent rains. 16th. Darwinii Berber is 
in flower. 26th. Missel Thrush's nest, with two eggs in it. 29th. Saw one Pea- 
cock, three Brimstone and two smidl Tortoiseshell butterflies. Salisbury (C.). 
22nd. Peach in blossom. 31st. The first water spider seen. Ealing (C.). The 
garden spring flowers are backward. Crocuses were not abundant till the 13th. 
IforihampUm (D.). There having been but very little sunshine and not many 
warm days, vegetation was very backward at the end of the month. Hodsock (D.). 
19th. Eggs in Thrush's nest. 29th. A few green leaves on Hawthorn in sheltered 
places. 

The Summer of 1889. 

The summer of the past year was, on the whole, a cold, wet and sunless 
one. Throughout June the weather continued changeable, but for the most 
part warm and summer like. The record of sunshine was, moreover, large, 
while very little rain fell after the first week. On the other hand, during 
nearly the whole of July and August the temperature ruled persistently low, 
and there was comparatively little bright sunshine. The total rainfall in 
these two months was not much in excess of the average ; but then, again, 
there occurred very few fine days. During June and the first half of July 
vegetation generally was very forward, and the hedgerows, fields and woods 
were even gayer than is usual at this season with wild flowers. The crop 
of hay proved an abundant one, and nearly the whole of it was harvested 
early and in splendid condition. The drought which prevailed in most 
districts during the latter half of June and the early part of July was at the 
end of this period becoming much felt, so that the moister and cooler weather 
which followed was at first greatly welcomed. Unfortunately, however, Jbr 
the cereals, and more particularly for the wheat crop, these cooler conditions 
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lasted, almost without a break, until the close of the summer, while storms 
of rain were here and there at times exceptionally heavy. Where the rain- 
fall was lightest many deciduous trees were, in the latter part of August, 
already beginning to lose some of their foliage. The com harvest, ;iotwith- 
standing many interruptions from rain, was in some of the earliest districts 
completed before the close of the summer ; in fact, in most other places a 
great deal of com had been carried before the month of August came to an 
end. This was a splendid summer for roots and all kinds of vegetables. 

Observers' Notes, 

June. — Babbacombe (A.). Haymaking began on the 13th. The crop was heavy, 
and the dry weather in the latter half of the month was most favourable for its 
ingathering. Vegetation was very forward. Weshoard Ho (A,). 9th. This was 
the only really wet day. Pennington (C.). Roses were at their best before the 
end of the month. Flowers on elder abundant. No turnip fly. The Nightingale 
finished its song at the beginning and the cuckoo by the middle of the month. 
Wheat promising well at end of month. 10th. Pasture grass cut ; carried by the 
28th ; 40 acres in all. 11th. Gathered first strawberry. 26th. Gathered first 
raspberry. Buckhom Weston (C). Hay crop very early and abundant, and 
harvested in good condition. Great quantity of blight of ever^r sort, and foliage 
much injured. Very few swallows indeed ; also very few martins. Oxford (D.). 
Hay excellent in quantity and quality. It is many years since there was so good 
a crop. Wild flowers very plentiful. 2nd. Acacias fRobinias) in full leaf. 12th. 
Cuckoo last heard. Northampton (D.). Hay crop got in very successfully 
Macclesfield (D.)- Vegetation up to the last week never looked better in 
Cheshire. Grass crops unusually heavv. First grass cut on 12th. By the end 
of the month fully one-half the hav had been secured, mostly without rain. 
Apples falling numerously at the end of the month through drought. Tynron 
(H.). Vegetation very forward. Scarcely any rain during the last three weeks. 

July. — Babbacombe (A.). The abundant rain from the 7th to 26th did great 
good to the pastures, which had become parched through the long drought. 
Pennington (Cj. Harvest operations commenced on the ISth. Buekhorn 
Weston (C.). July has been throughout wet and cold. Macclesfield (D.). 
Leaves of the lime beginning to fall on the 29th, owing to the recent drought. 
Meadows and pastures very brown until towards the middle of the month. 

August. — Babbacombe (A,). Wheat was cut on the 6th and harvest finished by 
the 31st. The yield was good. Pennington (C). The ingathering of the 
harvest, which commenced early, was much retarded by the rainy weather. 
24:th. Finished carrying wheat. 29th. Harvest finished. Uodsock (D). Com 
all cut by the end of the month, and about half of it carried. A good many 
leaves failing, especially from the beeches, at the end of the month. 

The Year ending August 1889» 

Taking the country generally, the most noteworthy features of the weather 
of tho past phonological year, as affecting vegetable life, may be briefly sum- 
med up as follows : — 1. The unseasonably sharp frosts and continued cold in 
October, which gave a sudden and premature check to vegetation generally. 
2. The moist warmth of November, which started all things growing again. 
8. Tho absence during the winter of any cold period of sufficient duration to 
arrest this renewed growth. 4. Some severe frosts in March, which at last 
brought everything more or less to a standstill. 6. A frostless May and 
brilliant June, which enabled all the new growths to bo made without the 
slightest check or injury. 6. A persistently cold, wet and gloomy July and 
August, which at first did much good by bringing to an end a drought which 
at one time threatened to become serious, but which afterwards served to 
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undo much that the bright and genial weather of the two previoas months 
had succeeded in accomplishing. 

Taken as a whole, this proved an unusually gay and bountiful year. 



DISCUSSION. 

The President (Dr. Marcet) said that these reports were always interesting, 
and as the Rev. T. A. Preston had given up the work of discussing these Pheno- 
logical observations, Mr. Mawley had undertaken to go on with it, so that these 
reports could still be looked for. 

Mr. SoUTHALL expressed his satisfaction with Mr. Mawley *8 report, as it 
pointed out in a clear manner what he had himself been able to observe con- 
cerning the progression of the seasons. Mr. Mawley had mentioned that there 
were no frosts in May during the past season, but in nis own locality (Ross) no 
frosts were experienced from March 26th until the middle of October. 

Mr. Mawlev said that it was, of course, impossible to compare the observa- 
tions given in the table of Flowering Plants in the same way that observations 
taken with meteorological instruments could be compared, but that nevertheless 
many interesting particulars respecting the character and progress of the seasons 
and their influence on vegetation might be obtained from this table and the 
observers' notes. 



SUNSHINE. 

By ALEX. B. MaoDOWALL. 



[Bead November 19ih, 1889.] 

As the records of sunshine accumulate, new points of view of the phenome- 
non are from time to time obtainable. In the Meteorological Record we have 
monthly data of sunshine from 24 stations (end of 1888), most of them 
using the Campbell- Stokes instrument, but a few (Buxton, Wallington, 
Stowell, Torquay) that of Jordan, which is understood to record, when 
measured before development, about 11 per cent, more sunshine than the 
other. 

We may find it useful to make out a curve of the sunshine at one of those 
stations for a series of years, and for this purpose I select Southboume-on- 
Sea, a new watering place near Ghristchurch, in Hants (where Dr. Compton 
is the observer). It stands high in the list of comparative sunshine, and fur- 
nishes a nearly continuous curve from the beginning of 1881, as in tho 
diagram (Fig. 1). A dotted line curve is added for a northern station — 
Llandudno. While corresponding with the other to some extent, less sun- 
shine is evidently the rule at this station. 

The sunniest year of this Southboume record is 1887 (Jubilee year), when 
1,822 hours were recorded ; the least sunny, 1888, with 1,828. The curve, 
it will be seen, varies considerably from year to year. How unlike are the 
curves for the two years just referred to ! 
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Taking the averages of the montlily figoreB in Ibe Dine jeaiVi 
have the foIlowiDg serieB for Beven months of the year : — 
April. Uay. Jane. Jaly. Ang. Sept. 

16 218 197 214 198 188 
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This gives two maxima, viz. in May and July, that in July being tmt slightly 
under that in May. Begarding this series for a moment as approiimately 
the type (and the time considered is of coarse rather short), ve may note 
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bow not one of the annnal onrTea hero given coireBpouds cloeelj with the 
tyyiul one. In Home years there is bat one masimam ; and while in most 
there ue two, these occnr, in foar of the years, in May and August reBpee- 
tively. In 1881 they fall in May and July, bat that in July ia the greater. 

The occurrence of two maxima seems to be usual ; and while there is only 
a suggestion of the earlier maximum in the Southbonme corre for 1867, we 
find this maximum quite evident in the curves for some other places, shown 
in Fig. 2. These four stations (Blackpool, Bnxton, Eastbonme, and St. 
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Fw. >.— Sunshine at Four Stationi, 



lAwrenee, Yentnor), are pretty &r apart from each other, and tbey all show an 
early maximum in April ; but the second, and in this year higher, maximum, 
nppears for Blackpool in Jnne, for Eastbonme and Bnxton in July, and for 
St. Lawrence in August. This diagram shows iiirther the general inferiority 
of Bnxton, in the amount of sunshine this year, to the other three stations ; 
and while Eastbonme attained the highest monthly amount, the values for St. 
Lawrence are generally higher than those for Eastbonme. 

The following is a list of the 20 stations, yielding records in 1887, in the 
order of amount of sunshine for that sonny year, along with a similar list of 
same statdona for the sunless year 1888 : — 

IB87. EoTirs. ISSS. HoDn. 

I. Bonsdon .. .. 1933 I. Eaatboame ., .. 1461 

3. St. Lawrence .. 1903 2. St. Lawreaes 1441 

3. Bastbonnie .. .. 1829 S. Bousdon 1413 

1. Soutbboome 1S22 4. SontbbOome .. 1328 
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1887. 




Hours. 


1888. 


HonrB. 


5. Callompton .. 




1784 


5. Hillington .. 


1809 


6. Harestock . . ' 




1761 


6. Harettook .. 


1282 


7. Church Stoke 




1698 


7. Newton Reigny 


1246 


8. Hillington . . 




1677 


8. Church Stoke 


1216 


9. Blackpool 




1596 


9. Llandadno .• 


1210 


10. Kew .. 




1592 


10. CuUompton .. 


1206 


11. Berkhameted 




1569 


11. Aspley Guise 


1191 


12. Aspley Guise 




1566 


12. Blackpool .. 


1178 


13. Newton Bcigny 




1476 


IS. Kew . . . • . 


1167 


14. ilodsock 




1420 


1 4. Greenwich 


1068 


15. Greenwich . . 




1401 


15. Hodsock 


1065 


16. Llandudno .. 




1376 


16. Berkhamsted 


1045 


17. Southwell .. 




1337 


17. Southwell .. 


1040 


18. Buxton 




1257 


18. Bunhill Bow 


911 


19. Bolton 




1132 


19. Buxton 


819 


20. Bunhill Row, London 


1083 


20. Bolton 


787 



The order is evidently very mach the same. The greatest difference is 
Llandudno — IGth in one list, 9th in the other ; then come Newton Reigny 
Idth and 7th, CuUompton 5th and 10th, &c. The yalaes of the first list 
are in general reduced in the second by about a fourth. 

Li a paper on *' Measurement of Sunshine," read to the Society on March 
18th, 1885, Mr. Scott discussed the records of sunshine for five years or less at 
a large number of stations, including some in Scotland and Ireland. He noted, 
inter alia, an absolute maximum in May, and a second Tnf^yimnm for the 
South of England in August. 

Longer series of observations being now available, the present paper 
chiefly aims at showing farther how the phenomenon in question has varied 
recently firom year to year at a selected station, and how it has varied in a 
selected year at some different places. 



PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 



November 20th, 1889. 
Ordinary Meeting. 

William Marcet, M.D., F.R.S., President, in the Chair. 

William Waters Butler, Crown Brewery, Birmingham ; 
John Edward Cullum, Valentia Observatory, Co. Kerry ; 
John Dover, B.A., Elmfield, Totland Bay, Isle of Wight ; 
Richard Gorton, Claremont Place, Cirencester ; 
Ralph Heap, M.A., Brick Court, Temple, E.C. ; 
Vincent Alexander I-awson, C.E., 9 Rowcroft, Stroud ; 
Edward Musgrove, Junr., The Hollies, Sidcup ; 
John Rose-Innes, B.A., B.Sc, 148 Kensington Park Road, W ; and 
John Clouoh Thresh, D.Sc, M.B., The Limes, Chelmsford, 
were balloted for and duly elected Fellows of the Society. 

The following Papers were read : — 

" Second Report of the Thunderstorm Committee. — Distribution op 
Thunderstorms over England and Wales, 1871-1887." By William 
Marriott, F.R.Met.Soc. (p. 1.) 
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"On the change op Mean Daily Temperature which accompanies 
Thunderstorms in Southern England." By G. M. Whipple, B.Sc, 
F.R.Met.Soc. (p. 12.) 

" Note on the appearance op St. Elmo's Fire at Walton-on-tiie Naze, 
September 3rd, 1889.'' By W. H. Dines, B.A., F.R.Met.Soc. (p. 15.) 

*' Notes on Cirrus Formation." By H. Helm Clayton, (p. 16.) 

" A Comparison between the Jordan and the Campbell- Stokes Sun- 
shine Recorder." By F. C. Bayard, LL.M., F.R.Met.Soc. (p. 20.) 

" Sunshine." By A. B. MacDowall. (p. 61.) 

" On Climatoix)gical Observations at Ballyboley, Co. Antrim.'* By 
Prof. S. A. Hill, B.Sc, F.R.Met.Soc. (p. 24.) 



December 18th, 1889. 

Ordinary Meeting. 
William Marcet, M.D., F.RS., President, in the Chair. 

GusTAV Valentin Alsing, C.E., St. Paul's Chambers, Sheffield ; 
Col. William Francis Badgley, Kyrewood House, near Tenbury ; 
Geo. Russell Beardmore, L.R.C.P., Warwick House, Upper St., Islington, N. ; 
George David Bellamy, C.E., 8 Gordon Terrace, Plymouth ; 
Henry Franklin Bellamy, C.E., Selangor, Malay Peninsula ; 
Cajpt. William A. Bentley, R.A., Hurdlestown, Broadford, Co. Clare ; 
W. Longley Bourke, C.E., Westbrook, Ecclcs, Manchester ; 
James Collie, C.E., Burgh Hall, Dunoon ; 
John Breedon Everard, C.E., 6 Millstone Lane, Leicester ; 
Thomas Fenwick, C.E., Chapel Allerton, near Leeds ; 
Henry Gale, C.E., F.R.G.S., 45 Elvaston Place, Queen's Gate, S.W. ; 
Samuel Griffin, C.E., Kingston Iron Works, Bath ; 
Prof. Mark W. Harrington, M.A., Ann Arbor, Michigan, U.S.A. ; 
William Wilson Hulse, C.E., Withington, Manchester ; . 
James Edward Lingard, C.E., 5 Normanton Road, Derby ; 
L. Livingstone Macassey, C.E., Stanleigh, Holy wood, Belfast ; 
Surgeon-Major John Alexander McCracken, St. Ann's Garrison, Barbados ; 
Frank Massie, C.E., Tetley House, Kirkgate, Wakefield ; 
Frank Mead, C.E., Sutton, Surrey ; 

Richard R. Menneer, C.E., Indian Public Works, Sind, India; 
Joseph Mitchell, C.E., Bolton Hall, Bolton-on-Deame, near Rotherham ; 
Frank Morris, C.E., Brentford Lodge, Old Brentford ; 
Bonner Harris Mumby, M.D., Iver Lodge, Merton Road, Southsea ; 
Willlam Beswick Myers, C.E., F.G.S., 75 Avenue Road, N.W. ; 
William J. Newton, C.E., Town Hall, Accrington; 
John Parker, C.E., Nelson Villa, Hereford ; 

Sir Robert Rawlinson, K.C.B., C.E., 11 The Boltons, West Brompton, S.W. ; 
Isaac Shone, C.E., 50 Nevem Square, S.W. ; 
Capt. John Shortt, R.N., Hobart, Tasmania ; 
Henry Simon, C.E., 20 Mount Street, Manchester ; 
John Godfree Single, C.E., 7 Morley Street, Plymouth ; 
Maj.-Gen. Frederick Smith Stanton, R.E., The Grove, Hillingdon, Uxbridge ; 
Thomas William Stone, C.E., 189 Goldhawk Road, W. ; 
John Harris Hazlett Swiney, B.A., C.E., 6 Chichester Avenue, Belfast ; 
Robert Lethbridge Tapscott, C.E., 41 Parkfield Road, Liverpool ; 
George Waller Willcocks, C.E., 9 Hume Street. Dublin ; 
John Avery Branton Williams, C.E., Queen's Chambers, Cardiff; 
Edward Woods, C.E., 45 Onslow Gardens, S.W. ; and 
Capt. Nicolas Zelenoi, Beaufort Mansions, Queen Anne's Gate, S.W., 
were balloted for and duly elected Fellows of the Society. 
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Mr. J. S. Harding and Mr. H. S. Walub were appointed Auditors of the 
Society's Accounts. 

The following Papers were read : — 

*' Report op the Wind Force Cc>mmittee on the factor op the Kew 
PATTERN Robinson Anemometer.*' Drawn up by W. H. Dines. B.A. 
F.K.MetSoc. (p. 26.) *«» i 

"On Testing Anemometers." By W.H. Dines, B.A. ,F.R.Met.Soc. (p. 41.) 

" On the Rainfall op the Riviera." By G. J. Symons, F.R.S., F.R.Met.Soc. 

(P- 44.) 

" Report on the Phenolooical Observations for 1889." By Edward 
Mawley, F.R.Met.Soc. (p. 52.) 



CORRESPONDENCE AND NOTES. 

"Squall at Dover, August 5th, 1846." By Robert Lawson, LL.D., 
F.R.Met.Soc, Inspector-General of Hospitals. 

The following description of an extensive squall, which I witnessed at Dover 
forty-three years ago, may even yet prove interesting to the Fellows of the 
Royal Meteorological Society. This occurred on August 5th, 1846, and the 
account of the appearances, which is given below verbatim, was drawn up on the 
8th, while the details were fresh in the memory. 

While going over the heights between the Barracks and Hospital, on the 
molding of the 5th, about a quarter before 9 a.m., I was struck with the rate at 
which a ship about 1| mile off shore going south was running ; she was under 
topsails, topgallants, courses, and jib ; in a few minutes (not above 2 or 3) the 
breeze increased so much that she was obliged to let fly her topgallant sheets, let 
go her topsail halyards, and, notwithstanding, bear up immediately. At this 
time there was a long line of cloud, extending from the South Foreland off about 
South-south-west by compass, for 6 or 8 miles ; this was in rapid motion, 
wliirling and turning on itself, and was about perpendicular to the ship 
mentioned. There was a ripple on the water from the vessel towards the shore 
about a mile at the time she bore up ; inside this ripple the water was then 
smooth, and on the height where 1 then was there was no wind. At this time I 
noticed a slight whirlwind, just on the line between the smooth and rough water, 
which carried up a spray for about 50 feet and then ceased ; the spray distinctly 
whirled against the sun, there was no cloud formed at its top, it lasted not a 
quarter of a piinute. Seven or eight minutes afterwards the cloud previously men- 
tioned had increased considcrablv, and masses of vapour from it were flying above 
right towards the land, while below the breeze quickly extended to the shore 
blowing off the land, and freshened rapidly. In less than ten minutes afterwards 
a slight shower fell, after which the clouds all cleared away, and a brisk breeze 
came on from the northward. 

The previous night there had been a violent thunderstorm ; early in the 
morning the wind was about North-east by compass, sHght, weather overcast, 
close, and rather hazy. At a quarter to 9 there was a pretty general stratum 
of cirro-stratus moving very slowly from about South-west, between which and 
the cloud mentioned above was an extensive interval ; the weather then, too, 
was pretty clear. There was no lightning seen nor thunder heard during the 
above. The squall extended for a long way under the cloud, as was obvious 
from vessels shortening sail and bearing up, though it nowhere seemed so violent 
as right off the height I was on. The wind at the Castle (a mile off), as was 
evident from the fly of the Jack there, was off the land, while the douas over it 
were flying inland. The whole phenomenon scarcely occupied 20 minntes. 
I did not detect the direction of the wind in the offing beyond the cloud. 
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filEAVY Rainfall in Clare and Galway, Ireland, on September 1st, 1887. 
By Capt. W. a. Bentley, R.A., F.R.Met.Soc. 

I HAVE made exhaustive inquiries as to the rainfall of September 1st, 1887, in 
the counties of Clare and Galway. I wrote to nearly every person who 1 thought 
could give any information on the subject, and the replies I received were all 
more or less of an interesting nature. 

The rain-gauges in Clare are situated on a line which runs nearly east and 
west through the country — from Killaloe on the east to Miltown Malbay on 
the west. There are no gauges north of this line in Clare. 

The county Galway gauges are nearly all on a line, which also runs nearly 
east and west. The railway from Ballinasloe to the City of Galway marks ap- 
proximately the position of this line. There are no gauges in Galway south of 
it, but north of it there are five, viz. three in the neighbourhood of Tuam and 
two at Kylemore Castle, which is about two miles east of Lettcrfrack. 

The great rainfall of September 1st, 1887, was a very remarkable one, for both 
the morning and the evening of that day were fine at nearly every station that 
has sent me a report. The principal fall took olace on a line drawn from Loop 
Head to the City of Galway. The observer at Miltown Malbay reports : ** The 
morning opened very fine, so that I was induced to put my men at hay-making. 
The sky was quite clear, and not a cloud was to be seen. At 10 a.m. two clouds 
commenced to form well above the horizon, not larger at this time than good- 
Bused haystacks. One was to the south-west over Loop Head, and the other was 
a few points north of it. Such wind as there was at the time was from the North- 
west. The two clouds rapidly increased in density and volume. The wind 
suddenly backed to the South-west, but the force was not much increased. The 
rain began at 11 a.m. and ended at 3 p.m. Between those hours there were two 
breaks in the rain ; in fact, the rain on that day consisted of three great showers. 
I estimated the breadth of the dark cloud as from four to five miles. The rain 
came down in torrents. In a short time every hollow in the ground was con- 
verted into a lake, and all the low fiat lands were under water. I lay at full 
length on the ground longside a five-foot stone wall for shelter. Not a drop of 
rain touched me ; but I was wet to the skin in less than ten minutes with tlie 
spray from the top of the wall and from the ground longside me. The heavy 
part of the rainfall from the centre of the dark cloud did not cover a frontage of 
more than 14 miles." 

The cloud passed over Burren in the direction of Galway City. In the 
neighbourhood of Lisdoonvama a bridge was carried away by a flood that after- 
noon, and a horse wandering on the public road near Lemenagh Castle was 
drowned. The gauge at Miltown Malbay recorded a fall of 2*05 inches. 

At the Court House at Ennis it rained for 12 hours on that day, but the fall 
was not a heavy one, being only *60 in. The first five days of September 
1887 were very wet at Ennis ; 3*30 ins. of rain fell during that time. 

At Kilkishen Glebe there was a much larger rainfall than at Ennis, '97 in. 
being the record there. 

My gauge at Hurdlestown recorded a fall of '56 in. on that day. I regret I 
cannot give any information as to the duration of the rain, or to the direction 
of the wind. 

Now as to the observations made in the County of Galway. 
The rainfall at Ballinasloe was 1-23 in. The rain began at 12.30 p.m., and it 
is not recorded at what time it ended. The wind was from the West, and was 
of moderate force. 

The fall at Garbally Gardens, near Ballinasloe, was 1*03 in. The barometer 
fell very rapidly. On August 31st it was 29*20 ins., and on September Ist it 
was 28*75 ins. The temperature on that day was : — Highest 59", lowest 50°. 
I find that the observer at Garbally does not follow the well-known meteoro- 
logical rule which directs all observations to be made at 9 a.m. lA states that 
he measured the rain at 6.30 p.m. on September Ist, and at 6.30 p.m. on the 2nd 
again, and found the gauge contained *93 in. It is certain that part of this 
'93 should be added to the observation made on the 1st at 6.30 p.m. He also 
states that the rain began on the 1st at 4.30 p.m., and that tlie amount recorded 
(1*03) fell in about an hour. I would put much more faith in the report of the 
observer at Ballinasloe, who is a civil engineer by profession. Garbdly is quite 
close to Ballinasloe. 
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TABLE v.— Ebtimatzo Yield of Fbuit Cbopb in 1889. 



Description of Crop. 



England. 



X 6&T8 .. .. •••••••••*•*•. 

PlumB 

Raspberries 
CorraDts . . 
Gooseberries 

( 
\ 



•#••••«*••*. 



• • • • . • 



A. 
SW. 



Strawberries 



U. Av. 
U. Ay. 
U. Ay. 
O. Ay. 
O. Av. 
0. Ay. 
Much 
O. Av. 



C. 

8. 



U. Av. 
U.Av. 
U. Av. 
O. Av. 
O. Av. 
O. Av. 
Mnoh 
O. Av. 



D. 

Mid. 



U. Av. 
U.Av. 
U.Av. 
0. Av. 
O. Av. 
O. Av. 
Mach 
O. Av. 



£. 



U.Av. 
U.Av. 
U.Av. 
O. Av. 
O. Ay. 
O. Av. 
Moch 
O. Av. 



P. 

NW. 



U.Av. 
U.Av. 
U.Av. 

Av. 

Av. 
O. Av. 
Mnoh 
O. Av. 



Description of Crop. 



Scotland. 



H. 

W. 



J. 

E. 



K. 

N. 



Apples 



Plnms 

Raspberries . 
Currants . . . 
Gooseberries , 



Strawberries 



U.Av. 
U.Av. 

O. Av. 
O. Av. 
O. Av. 
0. Av. 

Mach 
O. Av. 



Ireland. 



B. and 
G. 

S<ftN. 



U.At. 

XJ. Av. 
Av. 
O. Av. 
O. Av. 
O. Av. 
Much 
O. Av. 




U.Av. 
U.Av. 

O.Av. 

Av. 
O.Av. 
Mneh 
O.Av. 



British 
Isles. 



U.Av. 

U.Av. 

O.Av. 

O.Av. 

O.Av. 

Mneh 

O.Av. 



This Table has been compiled from 
the Qarden daring the Autamn. 



O. Over. U. Under. Av. Average. 

Returns sent in to the Gardener»' Chnniele and 



23rd. Snowdrop in blossom. 3l8t. Celandine in bloom — earliest date for six 
years. Buckhom Weston (C). A great quantity of primroses in blossom, not 
only in sheltered nooks but in more exposed places. Thrushes have been singing 
all the month, and I have found two Dlackbirds' nests in process of building. 
Kooks, too, have begun to build, i^alishury (C). Up to the end of the month, 
no frog spawn had been seen. 21st. No fertile flowers of the Hazel could be 
found. Catkins unusually small. Vegetation generally was, at this time, by no 
means remarkably forward. Hodsock (D.). At the end of the month a few 
snowdrops and aconites were in flower, also a few primroses. 27th. Both barren 
and fertile flowers of the Hazel in blossom. 

February. — Usk (A.). Have noticed comparatively few fieldfares this year. 
Pennington (C). Vegetation made scarcely any progress during this month. 
9th. A pear in blo860m~a solitary flower. 25th. Yev7 in blossom. Maceles' 
field (D.). 2nd. A change to colder weather. Many plants were killed — 
wallflowers, pansies, &c. 8th. Heavy snow storm, the branches of many trees 
and shrubs broken by the weight of snow. Plum trees and Scotch firs suffered 
most. Hodsock (D.). Snowdrops in full flower. Tacolneston (B.). 2nd. Pyrus 
Japonica, with a good many flowers open, on a sheltered south wall. These 
blossoms were, however, destroyed by frost during the second week. 

The Spring of 1889. 

This was in all districts a more or less cold spring, with a heavy rainfall 
and a considerable amoant of bright sunshine. Early in March there 
occurred in most localities an unusually severe frost. Indeed, the weather 
was then in many places colder than at any time during the three previous 
winter months. The only districts which appear to have escaped this frost 
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were Ireland South and England South-west and West. During April no 
damaging cold was recorded, but throughout a great part of the month low 
temperatures prevailed almost everywhere. The absence of night frosts in May 
was the most marked characteristic of that month, and as affecting vegetable 
growth the most noteworthy feature of the year. Until the end of April 
vegetation was almost everywhere very backward, but the warm showery 
weather which May brought with it wrought a complete change, and from 
this time a very rapid advanee was made. The foliage of trees at the close 
of the season was remarkably faixiiriant. Several observers, both in the 
warmer as well as the colder districts, mention the absence of bloom on the 
beech and ash. On the other hand, the bloesom on such fruit trees as 
apples, pears, cherries, Ac, proved unusually abundant. Nevertheless, on 
close examination these blossoms were found to be in many cases imperfectly 
formed, while the young leaves suffered greatly from the ravages of cattf - 
pillars and aphis. As regards birds, the spring migrants seem everywhere 
to have been less numerous than usual, and to have been, moreover, late in 
making their appearance. 

Observers^ Notes. 

TAABCa.^Babbaeombe (A.). 27th. Hawthorn in leaf. Usk (A.). Vegetation 
generalljr stationary after about the 20th, owing to cold weather. Wells (A.). 
Vegetation backward, not so much from prolonged or severe cold as from absence 
of sunshine and cold dampness. Pennington (C.). Spring sowing on heavv soil 
vexT backward by end of month, owing to frequent rains. 16th. Darwinii Berberis 
in flower. 26th. Missel Thrush's nest, with two eggs iu it. 29th. Saw one Pea- 
cock, three Brimstone and two small Tortoiseshell butterflies. Salisbury (C). 
22nd. Peach in blossom. 31st. The first water spider seen. Ealing (C.)- The 

farden spring flowers are backward. Crocuses were not abundant till the 13th. 
Torihampton (D.). There having been but very little sunshine and not many 
warm days, vegetation was very backward at fclie end of the month. Hochock (D.)* 
19th. Eggs in Thrush's nest. 29th. A few green leaves on Hawthorn in sheltered 
places. 

The Summer of 1889. 

The summer of the past year was, on the whole, a cold, wet and sunless 
one. Throughout June the weather continued changeable, but for the most 
part warm and sunmier like. The record of sunshine was, moreover, large, 
while very little rain fell after the first week. On the other hand, during 
nearly the whole of July and August the temperature ruled persistently low, 
and there was comparatively little bright sunshine. The total rainfall in 
these two months was not much in excess of the average ; but then, again, 
there occurred very few fine days. During June and the first half of July 
vegetation generally was very forward, and the hedgerows, fields and woods 
were even gayer than is usual at this season with wild flowers. The crop 
of hay proved an abundant one, and nearly the whole of it was harvested 
early and in splendid condition. The drought which prevailed in most 
districts during the latter half of June and the early part of July was at the 
end of this period becoming much felt, so that the moister and cooler weather 
which followed was at first greatly welcomed. Unfortunately, however, for 
the cereals, and more particularly for the wheat crop, these cooler conditions 
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EsTwiTED Yield o 


r Fbur CnoM in i 


I89. 






Crop. 


Englmnd. | 


A- 

SW. 


0. 

8. 


D. 

Mid. 


E. 

E. 


F. 
NW. 


I. 

NE. 


Applw 

Pears 

PlnmB 


D.Av. 
U.Av. 
D.Av. 
0. Av. 
O.Av. 
0. Av. 
Much 
O.Av. 


D.Av. 
D.Av. 
U. Av. 
0. Av. 
O.Av. 
O.Av. 
Mooh 
O.Av. 


D.Av. 
D.Av. 

D.Av. 
O.Av. 
O.Av, 
O.Av. 
Mnch 
O.Av. 


U.Av. 
D.Av. 
U.Av. 
O.Av. 
O.Av. 
O.Av. 
Uudi 
0. At. 


D.Av. 

D.Av. 
D.Av. 

Av. 

Av. 
O.Av. 
Mach 
O.Av. 


D.Av. 
U.AV. 

O.'av. 
Av. 

O.Av. 
Uneli 
O.Av. 


DsBoripti 


uof Crop. 


Scotland. 


Ireland. 


British 
Ules. 


H. 

W. 


J. 


K. 
N. 


B.and 
0. 

S4K. 




D.Av. 
O.At. 

O.Av. 
O.Av. 
O.Av. 
O.Av. 

Muoh 
O.Av. 


D.At. 
D.Av. 
Av. 
O.Av. 
O.Av. 
O.Av. 
Much 
O.AV. 


TI. Av. 
D.Av. 
U.Av. 
O.Av. 
O.Av. 
O.Av. 
MncU 
O.Av. 
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S3rd. Snowdrop in blossom. Slst. Celandine in bloom — earliest date for eii 
years. Buekhom WtUon (C,). A great quantity of primroses in blosBom, not 
only in sheltered nooks but in more eipoecd placeB. Thrushes have been singing 
all the month, and I have found two blackbirds' nests in process of building. 
Kooks, too, hare begun to build. HaUeljuTy (C,). Up to the end of the month, 
DO frog Epawn had been seen. 2lBt. No fertile flowers of the Hatel could be 
found. Catkins uunsually small. Vegetation generally was, at this time, by no 
means remarkably forward. BocUoek (D.). At the end of the month a few 
snowdrops and aconites were in dower, also a few primroses. 27th. Both barren 
and fertile dowers of the Hazel in blossom. 

Februaey. — Uek (A.). Have noticed comparatively few fieldfares this year. 
Penninglon (C.)- Vegetation made scarcely any progress during this month. 
9th. A pear in blossom— a solitary flower. 25tii. Yew in blossom. UaecUi- 
fitUl (D.). 2nd. A change to colder weather. Many plants were killed — 
wallflowers, pansies, &c. 8th. Heavy snow storm, the branches of many trees 
and shrubs broken by the weight of snow. Plum trees and Scotch firs suSered 
roost. Hodsoek (D,). Snowdrops in full flower. Taeo^nej/on (B.). 2nd. Prnis 
Jnponica, with a good many Sowers open, on a sheltered south wall. Tnese 
blossoms were, however, destroyed by frost during the second week. 

The Spring of 1889. 
This woB in all diatrictg a tnoro or Icbb cold spring, with a heavy rainfall 
and a considerable nmonnt of bright ennshine. Early in March there 
occurred m most localiticB an nnuBually severe froBt. Indeed, the wc&fhtr 
waa then iu many places colder than at any lime during the three previous 
<A'intcr montlts. The only difitricts wliidi appear to have escaped this Irost 
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were Ireland Soath and England South- west and West. During April no 
damaging cold was recorded, bat throaghoat a great part of the month low 
temperatures prevailed almost everywhere. The absence of night frosts in May 
was the most marked characteristic of that month, and as affecting vegetable 
growth the most noteworthy feature of the year. Until the end of April 
vegetation was alniost everywhere very backward, bat the warm showery 
weather which May brooght with it wrought a complete change, and from 
this time a very rapid advanee was made. The foliage of trees at the close 
of the season was remarkably luxuriant. Several observers, both in the 
warmer as well as the colder districts, mention the absence of bloom on the 
beech and ash. On the other hand, the blossom on such fruit trees as 
apples, pears, cherries, Ac, proved unusually abundant. Nevertheless, on 
close examination these blossoms were found to be in many cases imperfectly 
formed, while the young leaves suffered greatly from the ravages of cattf - 
pillars and aphis. As regards birds, the spring migrants seem everywhere 
to have been less numerous than usual, and to have been, moreover, late in 
making their appearance. 

Observers^ Notes, 

MABCa-^Bahbacombe (A.). 27th. Hawthorn in leaf. Usk (A.). Vegetation 
generalljr stationary after about the 20th, owing to cold weather. Wells (A.). 
Vegetation backward, not so much from prolonged or severe cold as from absence 
of sunshine and cold dampness. Penningt&n (C). Spring sowing on heavy soil 
verv backward by end of month, owing to frequent rains. 16th. Darwinii Berber is 
in flower. 26th. Missel Thrush's nest, with two eggs in it 29th. Saw one Pea- 
cock, three Brimstone and two small Tortoiseshell butterflies. SaUshury (C). 
22nd. Peach in blossom. 31st. The first water spider seen. Ealing (C). The 
garden spring flowers are backward. Crocuses were not abundant till the 13th. 
Iforthampton (D.). There having been but very little sunshine and not many 
warm days, vegetation was very backward at Uie end of the month. Hodsock (D.). 
19th. Eggs in Thrush's nest. 29th. A few green leaves on Hawthorn in sheltered 
places. 

The Summer of 1889. 

The summer of the past year was, on the whole, a cold, wet and sunless 
one. Throughout June the weather continued changeable, but for the most 
part warm and summer like. The record of sunshine was, moreover, largo, 
while very little rain fell after the first week. On the other hand, during 
nearly the whole of July and August the temperature ruled persistently low, 
and there was comparatively little bright sunshine. The total rainfall in 
these two months was not much in excess of the average ; but then, again, 
there occurred very few fine days. During June and the first half of July 
vegetation generally was very forward, and the hedgerows, fields and woods 
were even gayer than is usual at this season with wild flowers. The crop 
of hay proved an abundant one, and nearly the whole of it was harvested 
early and in splendid condition. The drought which prevailed in most 
districts during the latter half of June and the early part of July was at the 
end of this period becoming much felt, so that the moister and cooler weather 
which followed was at first greatly welcomed. Unfortunately, however, for 
the cereals, and more particularly for the wheat crop, these cooler conditions 
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Dickson (6 pp.V This is a collection of local weather sayings current among 
fishermen, wtiicn the author has collected while inspecting the Fishery barometers 
of the Meteorological Council. 

Meteorologische ZEiTscnRiPT. Rcdigirt von Dr. J. Hann and Dr. W. 
KoppEN. September to December 1889. 4to. 

Contains : — Beitragc zur arktischen Mcteorologie, von Dr. J. Hann ^9 pp.)- 
This is a summary of Parts IV. and V. of the Contributions to our Knowledge of 
the Meteorology of the Arctic J7e^'on«, published by the Meteorological Office. Dr. 
llann speaks in high terms of tiie work of Mr. Strachan, and expresses his sur- 
prise that the work has not attracted more attention in England. — Der Krakatau* 
Ausbruch und seine Folge-Erscheinungen, von Dr. J. M. Pemter (38 pp.) . This 
is a summary of the Krakatoa Report of the Royal Society, and deals with the 
geological and optical sections, and those on the sound and air and sea-waves. 
— Die wissenschaftlichen Erhebungen zur Wasserkatastrophe in der sachsischen 
Oberlausitz am 18 Mai 1887, von Dr. O. Birkner (7 pp. and plate). The author 
attributes the flood to the contour of the country, which caused a certain thunder- 
cloud to hang about the particular valleys and cause excessive rainfall of about 
six inches in the 24 hours. The destructive action of the water was aggravated 
by the fact of the country having been cleared of forest. Dr. Birkner recom- 
mends the inhabitants of the district which has suffered from floods to plant 
trees extensively, and especially to encourage growth of underwood on the sides 
of brooks. — Einige Anomalien in den Winden des nordlichen Indiens und ihre 
Bcziehung zur Druckvertheilung, nach S. A. Hill (16 pp. and 2 plates). This is 
an al)stract of Mr. Hill's paper in the Philosophical Transactions. — Zur Theoric 
des Bishop'schen Ringes, von Dr. J, M. Pemter (8 pp.). This is a criticism, 
inter a/<V/, of the varying results from the diameter of the water particles pro- 
ducing Bishop's ring given respectively by Flogel, Forel, and Archibald ; and 
the ])a|)cr concludes with the hope that a set of measurements of solar and lunar 
coronae will be undertaken, as our knowledge of the condition of the water sus- 
pended in the air is stiil very defective. — Wolkenformen und Wolkenbilder, von 
rrof. n. II. Hildebrandsson (7 pp.). This is a reproduction of the author's 
paper before the Congress in Paris, and concludes with a notice of the new Cloud 
Atlas. 

Queensland Meteorologicajl Report for 1887. By Clement L. Wraoge, 
Government Meteorologist. 4to. 1889. 129 pp. and nomeroas 
plates. 

This being the lirst Annual Report of the Meteorological Branch of the Post 
and Telegraph Department, Mr. Wragge gives a full account of the organisation 
of the system and details in extenso the steps taken to prepare rules, inspect 
stations, &c. The stations are equipped in accordance with the recommenda- 
tions of the Royal Meteorological Society. 

Symons's Monthly Meteorological Magazine. October to December 1889. 
8vo. 

The principal contents are : The determination of tlie amount of rainfall, by 
Prof. Cleveland Abbe (6 pp.). This paper was read at the British Association 
meeting at Newcastle -on-Tyne. — Autumn Congresses (13 pp.^. This is a brief 
summary of the meteorological reports and papers read at the recent meetings 
of the British Association, the Congrds International M6t6orologique, the 
Ssmitary Institute, and the CongrSs International d'Hydrologie et de Climato- 
logie. — The floating island in Lake Derwentwater, by rrof. R. Meldola, F.R.S. 
(3 pp.). — On the black bulb thermometer in vacuo j by Prof. H. McLeod, F.R.S. 
(2 pp.). 

The Ocean of Air. Meteorology for Beginners. By Agnes Giberne. 
With a Preface by the Rev. C. Pritchard, D.D., F.R.S. 8vo. 1890. 

840 pp. 

This is a very pleasantly written book dealing in an elementary manner with 
the Atmosphere, and is, in fact, as stated on the title page, " Aieteorology for 
Beginners." The work is divided into 8 parts, which treat of the uses, gases, 
vapours, movements, disturbances, forces of, and life in, the air-ocean. The 
value of the book is increased by 16 plates engraved from instantaneous photo- 
graphs. 
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ON ATMOSPHERIC DUST. 

An Address delivered to the Royal Meteorological Societyi January 16th, 

1890. 

By WILLIAM MABCET, M.D., F.R.S., Pbesident, 



Tbe infinitely small particles of matter we call diist, though possessed of a 
form and strnctnre which escape the naked eye, play, as you are doubtless 
aware, important parts in the phenomena of nature. A certain kind of dust 
has the power of decomposing organic bodies, and bringing about in them 
definite changes known as putrefaction, while other kinds exert a baneful 
influence on health and act as sources of infectious diseases. Again, from 
its lightness and extreme mobility, dust is a means of scattering solid matter 
over the earth. It will float in the atmosphere as mud does in water, 
and blown by the wind, may perhaps travel thousands of miles before again 
alighting on the earth. Thus Ehrenberg, in 1828, detected in the air of 
Berlin the presence of organisms belonging to African regions, and he found 
in the air of Portugal firagments of infusoria from the steppes of America. 
The smoke of the burning of Chicago was, according to Mr. Clarence King 
(Director of the United States Qeological Survey), seen on the Pacific coast. 
Dust is concerned in many interesting meteorological phenomena, such as 
nxw smxs, — ^voL. XVI. f 
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fogs, as it is generally admitted that fogs are due to the deposit of moisture 
on atmospheric motes. Again, the scattering of light depends on the presence 
of dust, and yon may remember my showing yon on a former occasion the 
beautiful experiment of Tyndairs, illustrating the disappearance of a ray of 
light when made to travel through a glass receiver free from dust, and its re- 
appearance as soon as dust was admitted into the vessel. There is no atmo- 
sphere without dust, although the amount varies largely, from the sammit of 
the highest mountain where the least is found, to the low plains, at the seaside 
level, where it occurs in the largest quantities. 

The origin of dust may bo looked upon, without exaggeration, as nniyersal. 
Trees shed their bark and leaves, which in dry weather are powdered and 
carried about by ever varying currents of air, plants dry up and crumble 
into dust, the skin of man and animal is constantly shedding a dusty material 
of a scaly form. The ground in dry weather, high roads under a midsum- 
mer's sun, emit clouds of dust consisting of very fine particles of earth. The 
fine river and desert sand, a species of dust, is silica ground down into a fine 
powder under the action of water. 

If the vegetable and mineral world crumbles into dust, on the other hand 
it is highly probable that dust was the original state of matter before the 
earth and heavenly bodies were formed ; but here wo enter the region of 
theory and probabilities. In a science like meteorology, where a wide door 
is open to speculation, we should avoid as much as possible stepping out of 
the track of known facts ; still there is a limit to physical observation, and 
in some cases we can do no more than glance into the possible or probable 
source of natural phenomena. Are we on this account to give up inquiring 
for causes ? This question I shall beg to leave you to decide, but where we 
have such an experienced authority as Norman Lockyer, I think the weight 
attached to possibilities and theories is sufficiently great to warrant my 
drawing your attention for a few moments to the probable origin of the stars 
and of our earth. 

I daresay many of you have read the interesting article in the Nme- 
teenth Century of November last, by Norman Lockyer, and entitled " The 
History of a Star." The author proposes to clear in our ima^nation a 
limited part of space, and then set possible causes to work ; that dark void 
will Boouer or later be filled with some form of matter so fine that it is 
impossible to give it a chemical name, but the matter wiU eventnaUy condense 
into a kind of dust mixed with hydrogen gas, and will constitute what an 
called nehulcB, These nebulaa are found by spectrum analysis to be made up 
of known substances, which are magnesium, carbon, oxygen, iron, silicon, tnd 
sulphur. Fortunately for persons interested in such inquiries, this dust 
comes down to us in a tangible form. Not only have we dust shed from the 
sky on the earth, but large masses, magnificent specimens of meteorites 
which have fallen from the heavens at different times, some of them weig^ung 
tons, may be submitted to examination. From the spectroscopic analysis of 
the dust of meteorites we find that in addition to hydrogen their chief 
constituents are magnesium, iron, silicon, oxygen and sulphur* 
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There are swarms of atoms of dnst travelling through spaco, and their 
motion may be extremely rapid. We know, for instance, some stars to be 
moving so quickly that from Sir Robert Bali's calculations one among them 
would travel from London to Pekin in something like two minutes. From 
photographs taken of the stars and nebulsB, we are entitled to conclude that 
the swarms of dust meet and interlace with each other, becoming raised to a 
very high temperature by friction and collision, and giving rise to what 
look like stars. The light would last so long as the swarms coUide, but 
would go out should the collision fail ; or, again, such a source of supply 
of heat may be withdrawn by the complete passage of one stream of dust- 
swarms through another. We shall, therefore, have various bodies in the 
heavens, suddenly or gradually increasing or decreasing in brightness, quite 
irregularly, unlike those other bodies where we get a periodical variation in 
consequence of the revolution of one of them round the other. Hence, as 
Norman Lockyer expresses it clearly, *' It cannot be too strongly insisted 
npon, that the chief among the new ideas introduced by the recent work is 
that a great many stars are not stars like the sun, but simply collections of 
meteorites, the particles of which may be probably thirty, forty, or fifty miles 
•p«rt." 

The swarms of dust referred to above undergo condensation by attraction 
or gravitation; they will become hotter and brighter as their volume de« 
ereases, and will pass from being nebulsB to being what we call true stars. 

The author of the paper I am quoting from imagines such condensed masses 
of meteoric dust bemg pelted or bombarded by meteoric material, producing 
heat and light, which effect will continue so long as the pelting is kept up. 
To this circumstance is due the formation of stars like suns. Our earth 
originally belonged to that class of heavenly bodies, but from a subsequent 
proeess of cooling assumed its present character. 

While apologising for this digression into extra-atmospheric dust, I shall 
propose to divide atmospheric dust into organic^ or combustible^ and mineral^ 
ixt ineambuiiibls. The dust scattered everywhere in the atmosphere, and 
which is lighted up in a sunbeam, or in a ray from the electric lamp, is of an 
organic nature. It is seen to consist of countless motes, rising, falling, or 
gyrating, although it is impossible to follow any of them with the eye for 
kmger than a fraction of a second. We conclude that their weight exceeds 
bat very slightly that of the air, and, moreover, that the atmosphere is the 
•eat of multitudes of minute currents, assuming all kinds of directions. Simi- 
lar currents, though on a much larger scale, are also met with in the air. 
One day last June, from the top of Eiffel's Tower in Paris, I amused myself 
liirowing an unfolded newspaper over the rail carried round the summit of the 
tower. At first it fell slowly, carried away by a light breeze, but presently 
it roee, and describing a curve, began again to fall. As it was vanishing 
from tifjtki the paper appeared to me as if arrested now and then in its 
dcfcent, perhaps undergoing again a slight upheaval. Here was indeed a 
gigantic mote floating in the atmosphere, and subject to the same physical 
laws, thongih on a larger scale, as those delicate filaments of dust we see 
dimcing merrily in a sunbeam.. 
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I recollect wiinessing, at one of the Friday evening lectures of the Boyal 
Institation in the year 1870, the foUowing heant^ experiment of Dr. 
Tyndall, illustrative of the properties of atmospheric dust: — If we place the 
flame of a spirit lamp or a red-hot motal hall in the track of a heam of light, 
there will he seen masses of dark shadows resemhling smoke emitted in all 
directions from the source of heat. At first sight this appears as if due to 
the dust particles heing humt into smoke; hut hy substituting for the spirit 
flamo or red-hot metal haU an object heated to a temperature too low 
to hum the motes, the same appearance of smoke is observed, hence the 
phenomenon is not owing to the combustion of the dust. The explanation, 
however, is obvious. The source of heat, hy warming the air in its contact 
and immediate proximity, made the air lighter and the motes relatively 
heavier, consequently they foil, and left spaces free from dust. These 
spaces in the track of the electric ray appeared dark, or looked as if full of 
a dense smoke, because, from the absence of dust, the light of the ray could 
no longer be scattered in them. 

The motes were next examined by Tyndall, to determine whether they were 
organic or mineral. This was done by driving a slow current of air through 
a platinum tube heated to redness, and examining this air afterwards in a 
beam of light ; it was then found to darken the ray, having lost the power of 
scattering light ; therefore the dust had been destroyed or burnt by passing 
through the red hot platinum tube, clearly showing its organic nature. 

We inhale into our lungs day and night this very finely-divided dust, and 
yet it produces no ill effect, no bronchial irritation. Tyndall has again 
shown by the analytical power of a ray of light what becomes of the motes 
we inhale. 

Allow me to return to the experiment with the red-hot metal ball placed 
in the beam of the electric light. Should a person breathe on the heated 
ball, the dark smoke hovering around it will at first disappear, but it will re- 
appear in the last portions of the air expired. What does this mean ? It 
means that the first portions of air expired from the lungs contain the atmo- 
spheric motes inhaled, but that the last portions, after reaching the deepest 
recesses in tho organs of respiration, have deposited there the dust they 
contained. 

It is difficult to say how much of tho dust present in the air may become 
a source of disease, and how much is innocuous. Many of the motes belong 
to the class of micro -orf/anisnis^ and the experiment to which we have just 
referred shows how easily these micro-organisms, or sources of infectious 
diseases, can reach the lungs and do mischief if they should find a condition 
of tho body upon which they are able to thrive and reproduce themselves. At- 
mospheric motes, although it has been shown that they are really deposited in 
the respiratory organs, do not accumulate in the lungs and air passages, hut 
undergo decomposition and disappear in the circulation. Smoke, which is 
finely-divided coal dust, is clearly subjected to such a destructive process ; 
otherwise the smoky atmosphere of many of our towns would soon prove &tal, 
and tobacco smoke would leave a deposit interfering seriously with the phe* 
nomena of respiration after a very short time. 
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Dost, however, in its physical aspect is far from being always innocuous, 
and, as yon are aware, many trades are liable to suffer from it. The cutting 
of chaff, for horses' food, is one of the most pernicious occupations, as it 
generates clouds of dust of an essentially penetrating character. Those 
engaged in needle manufactures and steel grinders suffer much from the dust of 
metallic particles. Stone cutters, and workmen in plaster of Paris, coal 
heavers, cotton and hemp spinners are also engaged in trades injurious to 
health because of the dust these men unavoidably work in. Those engaged 
in cigar and rope manufactures, or in flour mills, hat and carpet manufac- 
turers, are also liable to suffer for the same reason. A number of methods 
have been adopted, more or less successfully, to rid these trades of the 
danger due to the presence of dust. I shall not detain you on this subject, 
which would carry me too far, but merely bring to your notice the fact I 
observed many years ago, that charcoal has the power of retaining dust in a 
remarkable degree. I have had charcoal respirators made of such a form as to 
cover both the mouth and nose, and containing about i inch thick of charcoal 
in a granular state. I could breathe through such a respirator in the thickest 
cloud of dust made by chaff cutting without being conscious of inhaling 
any of the dust. 

The subject of micro-organisms belongs to the science known as micro-biology. 
As meteorologists we are chiefly concerned with their distribution in the atmo^ 
sphere. Micro-organisms are dust-like particles capable of cultivation or repro- 
duction in certain media and at certain temperatures. If a particle of matter 
known to contain micro-organisms, also called bacilli^ be placed on a clear sur- 
fieuse of gelatine and maintained at a temperature favourable to their develop* 
ment, in a short time the gelatine will be found to contain a colony of those 
same baciUu A fact so often stated as to become a medical truism is that there 
can be no infectious disease without the presence of the micro-organism 
special to that disease. Open cesspools, putrid meat or vegetable matter, 
accumulations of refuse have no ill effects on health unless the micro- 
organism of a certain disease, as those of typhoid fever or cholera, be pre- 
sent. On such foul decomposing matters these organisms thrive. They are 
reproduced with great activity, and become virulent in their effects. 

Micro-organisms are scattered everywhere in the atmosphere. Dr. Miquel, 
at the Montsouris Observatory at Paris, has made an extensive inquiry 
into their distribution in air and water. In this country Dr. Percy Frankland 
has, with praiseworthy labour and perseverance, investigated the subject of 
micro-organisms, and ascertained their number in various localities. The 
result of his inquiry is that in cold weather, especially when the ground is 
covered with snow, the number of organisms in the air is very much reduced, 
and presents a very striking contrast with that found in warmer weather. 
The experiments made on a March day show that during cold and dry 
weather, with a strong East wind blowing over London, a large number of 
micro-organisms may still be present in the air. It is particularly noticeable 
that even after an exceedingly heavy rain, and within a few hours afterwards, 
the number of micro-organisms in the air should be as abundant as usual. 
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Taking an avoragc of the oxpcriments made on the roof of the Seienee 
Schools of the Sonth Kensington Mnsenm, the mean nnmber of organisms 
found in 10 litres of air amounted to 85, while an average of 279 fell on one 
square foot in one minute. Other experiments made near Beigate and in the 
vicinity of Norwich present a marked contrast with those undertaken in the 
South Kensington Museum. There was a remarkable freedom from micro- 
organisms of the air coUected on the heath near Norwieh during compara- 
tively warm April weather, when the ground was dry. The air in gardens at 
Norwich and Beigate was richer in micro-organisms than that of the open 
country. Again, the number of organisms found in the air of Kwiwington 
Gardens, Hyde Park, and Primrose Hill was less than in that taiken from 
the roof at South Kensington, but greater than in the country. 

Experiments made in enclosed places, where there is little orno aerial com- 
motion, show the number of suspended organisms to be very moderate, but 
as soon as any disturbance in the air occurs, from draughts or people moving 
about, the number rapidly increases and may become very great. Ezperim^its 
made in a railway carriage afiford a striking example of the enormons number 
of micro-organisms which become suspended in the air when many persons 
are brought together. 

Micro-organisms being slightly heavier than air, have an invariable tendency 
to fall, and on that account frequently collect on the surface of water ; hence 
rivers, lakes and ponds are constantly being thus contaminated. Micro- 
organisms in very pure water are not readily disposed to multiply, but 
traces of decomposing organic matter will induce their reproduction. One 
remarkable case occurs to me iUustrating this fact. In 1884 a severe 
epidemic of typhoid fever broke out in the City of Geneva. The water 
of the lake in the harbour, which is surrounded by houses on three sides, 
was then examined by a distinguished micro -biologist, M. Fol, who dis- 
covered it to be full of micro-organisms ; the water supplied to the town 
for drinking purposes was taken from the River Rh6ne immediately as it 
flowed out of the harbour. The inquiry was pursued further, and it was 
found that just outside the harbour, on the surface of the water, there were 
still a number of micro-organisms, though less than in the harbour ; bat a 
few foot below the surface, say 8 or 4j feet, they had greatly diminished in 
number, indeed to such an extent that there were very few present. The 
obvious remedy was at once carried out. A wooden aquednct was con- 
structed, opening into the lake about 150 yards outside the harbour, and 
some 8 or 4 feet under the surface. As stated by Dr. Dunant, a Gteneva 
physician who has given a very interesting account of this epidemic,^ eighteen 
days after the source of the water-supply had thus been altered, a marked de- 
cline took place in the epidemic, and it was clearly being mastered. A 
similar epidemic, due to a like cause,-occurred about the same time at Zurich. 

There is one point connected with the properties of dust of organic origin 

1 £pid6mie de fi^vre Typhoide & Geneve en 1884, par P. L. Danant, Revue MidicaU 
4i la SuUh Bomand^ 1897. 



which I think cannot fail to he of interest. I mean its inflammability, and 
its liahilify to explode when mixed with air. By explosion is meant that the 
propagation of flame hy a very finely-divided material such as coal dust, 
mixed in dne proportion with air, may proceed with a rapidity approaching 
the transmission of explosion by a gaseous mixture. 

An interesting lectnre was delivered on this subject at the Royal Institu- 
tion, in April 1882, by Sir Frederick Abel, entitled '' Some of the dangerous 
properties of dust." The lecturer refers to instances of explosions in flour- 
mills, due in all probability to a spark from the grinding mill-stones, occur- 
ring in consequence of a deficient supply of grain to the stones. 

Messrs. Franklin and Macadam, who investigated the subject, found that 
aocidents of this nature were of frequent occurrence. In May 1878 a flour- 
mill explosion, quite unparalleled for its destructive effects, occurred at 
Mineapolis, Minnesota. Eighteen lives were lost, and six distinct com mills 
were destroyed. Persons who were in proximity to the scene of the calamity 
heard a succession of sharp hissing sounds, doubtless caused by the very rapid 
epread of flame through the dust-laden air of the passages inside the mill. 
The nearest mill to that first fired was 25 feet distance, and exploded as soon 
as the flames burst through the first mill. The explosion of the third mill, 
25 fidet from the second, followed almost immediately ; and the other three 
mills, about 150 feet distance in another direction, were at once fired. The 
fire was attributed to a spark from friction of the mill-stones. 

Coal dust in coal mines is a cause of accident from explosions, which has 
been closely investigated in this country, in Germany and other mining dis- 
tricts. Sir Frederick Abel has given this subject especial attention, and 
brings it prominently forward in his valuable and exhaustive paper on 
** Accidents in Mines," read at the Institution of Civil Engineers in 1888. 
Some mines are, of course, more dusty than others, and coal dusts are not all 
equally inflammable. That which is deposited upon the sides, top timbers, 
and ledges in a dry, dusty mine-way, is much finer and more inflammable than 
ilie eoarser dust which covers the floors. The lecture I have referred to 
alludes to the case of a considerable quantity of coal dust accidentally thrown 
over some screens at a pit-mouth bursting into flame as the dust cloud came 
into contact with a neighbouring fire, and burning a man very severely* 
There i^pears good ground for believing that fire may travel to a consider- 
able extent through the workings of a mine from the ignition of coal dust, as 
will be seen in the following account, extracted from Messrs. W. N. and J. B. 
Atkinson's book on Explosiofis in Mines : — *' An appalling accident happened at 
the Seaham Colliery, in the County of Durham, on the 8th September, 1880, 
at 2.20 a.m., causing the death of 24 men. An explosion occurred in the 
mine, and a loud report was heard at the surface, accompanied with a cloud 
of dust from the shaft, but no fire was seen. Owing to damage to the shaft 
it was more than twelve hours before a descent could bo effected, and then a 
scene of destruction was witnessed by the explorers. Doors and air- crossings 
destroyed ; tubs broken to pieces, and hurled one over the other ; timber 
blown out, attended with heavy falls from the roof ; and the bodies of men 
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and horses in many cases terribly mntilated. The explosion was found to 
have extended over roads of an aggregate length of about 7,500 yards, 
the greatest distance between the extreme points reached being about 8,800 
yards." 

When discussing the cause of this terrible accident Messrs. Atkinson 
remark that it was apparently impossible to account for the effects of the 
explosion on the assumption that it was due to fire-damp, as the presence of 
fire-damp was most unlikely to occur at any part at which the exploaioii 
could have happened ; and, therefore, attention must be turned to coal dust. 
There was coal dust on aU the roads traversed by the explosion, and there 
was coal dust at the supposed point of origin. These facts are of striking 
significance. After the explosion, all parts of the mine in which its effects 
could be traced were covered on the bottom and on fiat surfaces with a 
coating of fine dust, which, when examined under the microscope, appeared 
to have been acted on by great heat. This fine dust covered the surface 
for a depth of firom ^ to ^ an inch and under. Dust of this kind was entirely 
absent on those roads over which the explosion had not extended. With 
reference to the original ignition, a shot had been fired apparently simul- 
taneously with the explosion. The road at the place was of stone, and would 
probably be coated with the finest coal dust ; and, moreover, just aboYe 
the spot where the fatal shot was fired were large balks of timber, an which 
dust had plentifully coUected. The shock caused by the explosion would 
throw the dust into the air, and the flame would set fire to it. Thus initiated 
the flame would extend through all the roads on which there was an nninter- 
rupted supply of coal dust to support it. 

The second part of this Address relates to inorganic, or mineral dust. 
When on the Peak of Tenerife in 1878, engaged in a pursuit mostly of a 
physiological kind, I had occasion to use a very delicate chemical balance. My 
object was to determine the amount of aqueous vapour given out of the lungs 
while in the shallow crater at the summit of the Peak, 12,200 feet above the 
sea. The heat was intense, as the sun shed its nearly vertical rays at mid- 
day on the fine white volcanic sand spread over the floor of the crater. At 
various places rocks projected, covered here and there with crystals of 
sulphur, and so hot that the hand could scarcely bear contact with 
them. Anticipating some difficulty in the use of the balance firom the 
action of the wind, I had brought up with me a hamper and a blanket. 
After placing the hamper sideways, with the lid off, I proceeded, thou^ 
not without some little trouble, to dispose the balance satis£EU>torily inside 
the basket ; then, having thrown the blanket over the hamper, I stretched 
out at full length on the burning sand, nestling under the blanket, much 
as a photographer would cover himself and camera with a dark cloth. On 
trying to use tho balance, it refused to act ; its beam would not oscillate. 
A careful examination showed the instrument to be apparently in perfect 
order, when it occurred to me to wipe the knife edges at the points of 
saspension of the beam and pans. Tho balance then worked quite well, 
though, but for a few minutes only, again most provokingly declining to 



oseillaie ; indeed, it was only by constant wiping of the knife edges that I 
succeeded with my experiment. The cause of my trouble was clearly the 
presence of very fine mineral dust in the air, of which my senses were 
utterly unconscious. Hence it is that extremely fine particles of mineral dust 
may exist in the atmosphere, escaping detection by our senses, and such 
an occurrence is probably more frequent than is generaUy thought. 

Professor Piazzi Smyth, while on the Peak of Tenerife, witnessed strata 
of dust rising to a height of nearly a mile, reaching out to the horizon in 
every direction, and so dense as frequently to hide neighbouring hills. The 
Beport of the Erakatoa Committee of the Royal Society contains the 
{allowing interesting account, p. 421 (Mr. Archibald's contribution to the 
report) : — ^In 1881 Professor S. P. Langley ascended Mount Whitney, in 
Southern California, with an expedition from the Alleghany Observatory ; 
at an altitude of 15,000 feet his view extended over one of the most barren 
regions in the world. Lnmediately at the foot of the mountain was the Inyo 
DtfMit, and in the east a range of mountains parallel to the Sierra Nevadas, 
but only about 10,000 feet in height. From the valley the atmosphere had 
appeared beautifully clear ; but, as stated in Professor Langley's own words, 
'* from this aerial height we looked down upon what seemed a kind of level 
dust ocean, invisible from below, but whose depth was six or seven thousand 
feet, as the upper portion only of the opposite mountain range rose clearly 
out of it. The colour of the light reflected to us from this dust ocean was 
clearly red, and it stretched in every direction as far as the eye could reach, 
although there was no special wind or local cause for it. It was evidently 
like the dust seen in mid-ocean from the Peak of Tenerife — something 
present all the time, and a permanent ingredient of the earthy atmosphere.*' 

Du9t Storms, — These storms, as suggested by Dr. Henry Cook, (from 
whose paper to the Quarterly Journal of the Royal Meteorological Society 
in I88O9 1 am now quoting,) may be considered under three heads, according 
to their intensity — atmospheric dust, dust columns, and dust storms. Dr. 
Cook, alluding to occurrences in India, observes that there are some days on 
which, however hard and violently the wind may blow, little or no dust 
accompanies it ; while on others every little pufif of air or current of wind 
forms or carries with it clouds of dust. If the wind which raises the dust is 
strong, nothing will be visible at the distance of a few yards, the sun at noon 
being obscured. The dust penetrates everywhere, and cannot be excluded 
from houses, boxes, or even watches, however carefully closed. The indi- 
vidual particles of sand appear to be in such an electrical condition that they 
are ever ready to repel each other, and are consequently disturbed from their 
position and carried up into the air. 

Dust columns are considered by Dr. Cook as due to electrical causes. On 
calm, quiet days, when hardly a breath of air is stirring, and the sun pours 
down its heated rays with full force, little eddies arise in the atmosphere 
near the surfeMse of the ground. These increase in force and diameter, catch- 
ing up and whirling round bits of sticks, grass, dust, and lastly sand, until a 
column is formed of great height and considerable diameter, which usually. 
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after remaining siationory for some time, sweeps away across country at great 
speed. Ultimately it loses gradually the velocity of its circular movement 
and disappears. In the valley of Mingochar, which is only a few miles in 
width, and surrounded by high hills. Dr. Cook, on a day when not a breath 
of air stirred, counted upwards of twenty of these columns. They seldom 
changed their places, and when they did so moved but slowly across the level 
track. They never interfered with each other, and appeared) to have an 
entirely independent existence. 

Dr. Cook describes as follows a dust storm which took place at Jacoba- 
bad : — *< The weather had been hot and oppressive, with little or no breeie, 
and a tendency for dust to accumulate in the atmosphere. On the evenii^ 
of the storm heavy clouds gathered and covered the sky. About 9 p.m. tfae 
sky had cleared somewhat, and the moon shone. A breeze sprang up from 
the west, which increased and bore along with it light clouds of sand. 
About 9.80 p.m. the storm commenced in all its fury. Vast bodies of sand 
were drifted violently along. The stars and moon were totally obscured. It 
became pitch dark, and it was impossible to see the hand held close to the 
face. The wind blew furiously in gusts, and heaped the sand on the wind- 
ward side of obstacles in its course. Lightning and thunder accompanied it, 
and were succeeded by heavy rain. The storm lasted about an hour, when 
the dust gradually subsided. The sky again became clear, and the moon 
shone brightly. The storm appeared to have entirely relieved the electrical 
condition of the atmosphere. A pleasant freshness followed, and the oppreB- 
sive sensation before mentioned was no longer experienced. This, indeed, as 
the general effect of storms in Upper Scinde. The air is cooled, the atmo* 
sphere cleared, and the dusty condition of the atmosphere which usually 
precedes them for several days completely disappears." 

In the case of a memorable sand-storm which occurred at Aden on July 
16th, 1878, and recorded by Lieut. Herbert Russell, there was a remark- 
able play of light on the objects which remained within sight. Hie 
sudden darkness from the storm gave a peculiar and ghastly tint to the 
white sand and neighbouring plain, while the curling masses of sand drifted 
before the gale, resembling a dark yellow smoke. The varied lights, quickly 
changing, were curious and most grand ; the sea a dear green, and Slave 
Island and Shum-Shum, usually of an arid brown colour, became of an 
ashy white. 

In a dust storm I experienced myself at Luxor, on the Nile, the suffoeating 
effect of the sand as it drove into the lungs and air passages was very try- 
ing. People rushed to the adjacent river-side, where some relief was found. 

A book on WhirltHnds and Dust Storms in India, by P. L. H. 
Baddeley, Surgeon Bengal Army, 1860, gives some interesting information 
on the electrical character of dust storms and dust pillars. When at Lahore 
in 1847, this gentleman was desirous of experimenting on the electrical state 
of the atmosphere in a dust storm, and with this object he projected into the 
air, on the top of his house, an insulated copper wire fixed to a bamboo, ibe 
wire was brought through the roof into his room, and connected with a g(dd-leaf 
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eleetrometer, a detached wire commimicating wiih the eartib. A day or two 
alter, daring the passage of a small dust storm, he observed the passage of 
viyid sparks from one wire to the other, of course, strongly affecting the 
electrometer. He subsequently witnessed at least sixty dust storms of 
TariouB sizes, all presenting the same kind of phenomena. 

Volcanie DusU — ^This dust consists mainly of powdered vitrified sub- 
stances, produced by the action of intense heat. It is interesting in many 
respects. The so-called ashes or scorisa shot out in a volcanic eruption 
are mostly pounded pumice, but they also originate from stones and frag- 
ments of rocks which, striking against each other, are reduced into powder 
Gt dost. Volcanic dust has a whitish-grey colour, and is sometimes nearly 
quite ^Bdiite. Thus it is that, in summer, the terminal cone of the Peak of 
Tenerife appears from a distance as if covered with snow ; but at that season 
of the year there is no snow on the mountain ; the white cap on the 
Peak is entirely due to pumice ejected centuries ago. It is probably to this 
circumstance that the island and Peak owe their name, as in the Guanch 
language the words Tener If a mean white mountain. 

The friction caused by volcanic stones and rocks as they are crushed in 
their collision develops a mass of electricity, which shows itself in brilliant 
displays of branch lightning darting from the edges of the dense ascending 
column. During the great eruption of Vesuvius, in 1822, they were con- 
tinually visible, and added much to the grandeur of the spectacle. It not 
infrequently happens that dust emitted from Vesuvius falls into the streets of 
Naples ; but this is nothiog in comparison with the mass of finely-powdered 
material which covered and buried the towns of Pompeii, Herculaneum, and 
Stabia in the year 79 a.d. 

On this occasion, according to the younger Pliny, total darkness from the 
clouds of volcanic ashes continued for three days, during which time ashes 
fall like a mantle of snow all over the surrounding country. When the dark- 
ness cleared away the calamity was revealed in all its awfrd extent, the three 
towns having disappeared under the showers of dust. 

The eruption of Erakatoa, a mountain situated on an island in the Straits 
of Sunda, exceeded, in all probability, in its deadly effects, and as a wonderful 
phenomenon of nature, the outburst of Vesuvius in the year 79. The 
Krakatoa Committee of the Royal Society have collected and published in 
their interesting Report particulars of that memorable eruption, all of them 
thoroughly authenticated and reliable. The following is extracted from a 
communication to the report by Professor Judd: — On the 26th August, 
1888, it was evident that the long contiaued moderate eruptions of Krakatoa 
had passed into the paroxismal stage. That day, about 1 p.m., the detona- 
tions caused by the explosive action attained such a violence as to be heard at 
Batavia and Buitenzorg, about 100 English miles away. At 2 p.m. Captain 
Thompson, of the Medea, then sailing at a point 76 miles ENE of Era- 
katoa, saw a black mass like smoke in clouds rising to an altitude which has 
been estimated at no less than seventeen miles (nearly six times Hie height of 
Mont Blanc). 
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If this sormiso be correct, some idea of the violence of the oatbnrst can 
be formed from the fact that dormg the eruption of Yesavins in 1872 the 
column of steam and dust was propelled to a height of from 4 to 5 miles 
only. 

At 8 p.m. the explosions were loud enough to be heard 150 miles away. 
At Batavia and Buitenzorg the noise is described as being like the discharge 
of artillery close at hand. Windows rattled, pictures shook, but there was 
nothing of the nature of earthquake shocks — only strong air vibrations. 

Captain Woolridge, of the Sir R, Sale^ viewing the volcano at sunset 
on the 26th, describes the sky as presenting a 'most terrible appearance, 
the dense mass of cloud of a murky tinge being rent with fierce flashes 
of lightning. At 7 p.m., when from the vapour and dust clouds intense dark- 
ness prevailed, the whole scene was lighted up by electrical discharges, and 
at one time the cloud above the mountain presented the appearance of an 
immense pine tree, with the stem and branches formed of volcanic lighiziing. 
The air was loaded with excessively fine ashes, and there was a strong sul- 
phurous smell. The steamer G, G, Loudonj within 20 or 80 miles of the 
eruption, passed through a rain of ashes and small bits of stone. 

Captain Watson, of the ship Charles Bal, at a spot about a dozen miles off 
the island, records the phenomena of chains of fire appearing to ascend be- 
tween the volcano and the sky, while on the south side there seemed to be a 
** continual roll of balls of white fire.** These appearances were doubtless 
caused by the discharge of white-hot fragments of lava rolling down the sides 
of the mountain. From midnight till 4 a.m. explosions continually took place, 
the sky one second being intense blackness, the next a blaze of fire. 

All the eye-witnesses agree as to the splendour of the electrical phenomena. 
Captain Woolridge, viewing the eruption from a distance of 40 miles, speaks 
of the great vapour cloud resembling an immense wall, with outbursts 
of fork lightning, like large luminous serpents rushing through the air. 
After sunset, this dark wall assumed the appearance of a blood-red curtain, with 
the edges of all shades of yellow — the whole of a murky tinge, and attended 
with fierce flashes of lightning. It was reported from the G, G. Loudon 
that lightning struck the mast-head conductor five or six times, and that 
the mud-rain which covered the masts, rigging, and decks was phosphores- 
cent. The rigging presented the appearance of St. Elmo*s fire, which 
the native sailors were busily engaged putting out with their hands, 
alleging that, if any portion found their way below, a hole would burst in 
the ship ; not that they feared the ship taking fire, but they thought that 
the light was the work of evil spirits, and that if it penetrated to the hold 
the evil spirits would triumph in their design to scuttle the ship. 

By these grand explosive outbursts the old crater of Erakatoa was 
completely eviscerated, and a cavity formed more than 1,000 feet in depth ; 
while the solid materials thrown out from the crater were spread over the 
flanks of the volcano, forming considerable alterations in their forms. 

The sea disturbance which accompanied the eruption of Erakatoa was 
carefully investigated by Captaiti Wharton, Hydrographer to the Admiralty : 
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— " The rush of the great sea wave over the land, caused by the violent 
abrasion in the crater, aided by the action on the water of enormous masses 
of fallen material, caused great destruction of life and property in the 
Straits of Sunda. By the inrush of these waves on land all vessels near the 
shore were stranded, the towns and villages near the coast devastated, two 
of the lighthouses were swept away, and the lives of 86,880 of the inhabi- 
tants sacrificed. It was estimated that the wave was about 50 feet in 
height when it broke on the shore.*' 

On the morning of the 27th, between 10 and 11 a.m., three vessels at the 
pastern entrance of the Straits encountered the fall of mingled dust and 
water, which soon darkened the air, and covered their decks and sails with 
a thick coating of mud. Some of the pieces of pumice falling on the Sir 
R, Sale were said to have been of the size of a pumpkin. All day on the 
27th the three vessels were beating about in darkness, pumice-dust falling upon 
them in such quantities as to employ the crew for hours in shovelling it from the 
decks and in beating it from the sails and rigging. At Batavia, 100 miles 
from Erakatoa, the sky was clear at 7 a.m., but at 11 a.m. there fell a 
regular dust-rain ; at 11.20 complete darkness pervaded the city. The rain 
of dust continued till 1, and afterwards less heavily till 8 p.m. 

The speed and distance attained by the pumice ejected from the volcano 
may be conceived from the fact stated in Mr. Archibald's contribution to the 
Report, that dust fell on the 8th of September more than 8,700 English miles 
from the seat of the eruption. 

The great mass of the pumice thrown out during the eruption presented a 
dirty greyish-white tint, being very irregular in size. It was undoubtedly 
due^ to the collision of fragments of pumice as they were^violently ejected 
from the crater ; the noise they produced was even more striking than the 
sound of the explosion. 

The dust ejected from Erakatoa did not all fall back at the same time 
npon the sea and earth ; as the lighest portions of it formed haze, which was 
propagated mostly westwards. Mr. Archibald states in the Report that most 
observers agree in considering this haze as the proximate cause of the 
twilight glows, coloured suns and largo coronaB, which were seen for a con- 
siderable time after the eruption. The haze was densest in the Indian 
Ocean and along the equatorial belt, and was often thick enough to hide the 
sun entirely when within a few degrees from the horizon. 

And now, ladies and gentlemen, I must bring this Address to a conclusion, 
and thank you for having followed me over a long, dusty track. I hope 
I have succeeded in showing that infinitely small objects, no larger than par- 
ticles of dust, act important parts in the physical phenomena of nature, just 
as small and apparently unimportant events occasionally lead to others of the 
^eatest magnitude. 
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REPORT OF THE COUNCIL 

FOR THE YEAR 1889. 

The Council have much pleasore in congratulating the Fellows on the generally 
prosperous state of the Society ; the past year's work, thoogh not in any 
respect exceptional, having heen thoroughly snccessftd. The total number of 
Fellows is 549, being an increase of 24 on the preyious year; the finances 
are improving and the Library is overflowing. The routine of reducing and 
publishing the observations made at the Society's stations, and preparing and 
supervising the re]((orts and papers read at the meetings, take much time, and 
in carrying on the work the Council have received considerable help firom 
the various Committees, as well as from the members of the staff. The 
Committees and the Members thereof are as follows, viz. : — 

General Pobposes Committee. — The President, Secretaries, Foreign 
Secretary, Treasurer, Messrs. Bayard, Brewin, Ellis, Latham, and Williams. 

EnmNa Committse. — ^Messrs. Blanford, Inwards, and Scott. 

STA2n>iNa Rbfbbbe on Pafebs. — ^Mr. Ellis. 

Annual Exhibition Committee. — ^The President, Secretaries, Messrs. 
Ellis, Scott, Strachan, and Whipple. 

Dbobbasb in Wateb Supply Committee. — ^The President, Messrs. Chatter* 
ton, Latham, and Symons ; with Mr. Scott, representing the Meteorological 
Council. 

Wind Foboe Committeb. — ^The President, Secretaries, Messrs. Archibald, 
Chatterton, Dines, C. Harding, Laughton, Munro, Scott, and Toynbee; with 
Mr. Whipple, representing the Eew Committee. 

Thundbbstobm Committeb. — ^The President, Secretaries, Messrs. Aber* 
cromby, Beaufort, Inwards, Scott, and Whipple. 

LiBBABT Catalogue Committee. — Messrs. Eaton, Scott, and Symons. 

The Annual Exhibition of In$trument8, which was held on March 19th to 
22nd, was attended by a large number of Fellows and visitors, and gave 
much satisfaction. It was held as usual in the rooms of the Institution of 
Civil Engineers, and the Catalogue contained a description of 71 different 
exhibits, arranged under the following divisions — 1. Actinometers ; 2. Solar 
Radiation Thermometers ; 8. Sunshine Recorders ; 4.|NewInstmment«made 
since the last Exhibition ; 5. Models ; and 6. !^otographs. Drawings, &o. 
The Council recommend to the Fellows the perusal of the catalogues of this 
and the previous Exhibitions, as containing valuable information in a con- 
densed form. 

The Wind Force Committee have had several meetings, and have also 
visited Hersham in Surrey, to witness the experiments made by Mr. Dines, 
with the assistance of Mr. Whipple and Mr. Munro. Reports were read at 
the meetings held in May and December and are printed in the Quarterly 
Journal, The experiments, as far as they have gone, are of considerable 
value, showing that the factor (8) of the Robinson's Anemometer (Eew 
pattern) is decidedly too high, also that no simple factor is of general applica* 
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bilitj. The best thanks of the Society are due to Mr. Dines for the great 
skill he has displayed in the inquiry, and the trouble and large amount of 
time he has devoted to the subject. 

Thundentorm Observations and Discussions, — ^In the early part of the year 
an extra assistant was engaged to tabulate the large mass of materials which 
the Society has collected respecting thunderstorms. Under Mr. Marriott's 
Buperrision he extracted all the reported dates of thunderstorms in England 
and Wales during the 17 years 1871-1887. The results were embodied in 
a paper, which was read at a meeting of the Society and printed in the 
Journal, This pap^ is to be followed by a careful discussion of the pheno- 
mena recorded during the thunderstorms of 1888-89, which, it is hoped, will 
soon be ready for reading at a meeting of the Society. Several new photo- 
graphs of lightning flashes have been received during the year. 

Ths Inquiry respecting the Helm Wind has for the present been discon- 
tinued, partly owing to the difficulty in getting the observers together before 
the phenomena have disappeared, and partly because there have been of late 
so few Helm Winds. Mr. Marriott read a paper as a Report on the subject, 
illustrated by a map and diagrams, which has been printed in the Journal, 
The Committee are of opinion that in some of the early accounts the intensity 
of the wind force was exaggerated. 

Inspection^ of Stations. — ^The inspection this year comprised the stations 
in the South-west of England and in Wales, which were all found in a satis- 
^Efcctory condition. The alterations in the zero points of the thermometers 
were, however, more numerous than usual. The particulars will be found in 
Mr. Marriott's Report, Appendix U. (p. 98). 

Jordan Sunshine Eacorder, — As several of the Fellows and observers who 
use the Jordan Photographic Sunshine Recorder have measured the trace 
before fixing, while others have fixed the trace first, the Council have requested 
the observers who use this instrument always to fix the trace before measuring. 
By this means uniformity will be secured. 

InUmaHonal Congress of Hygiene. — ^At the request of Sir Spencer Wells 
and other members of the Committee for organising the International 
Congress of Hygiene and Statistics to be held in London in 1891, the 
Council appointed Dr. Marcet and Dr. Tripe as delegates to represent the 
Society on the General Committee. 

ROums supplied to the Meteorological Council. — For many years past the 
Society has supplied the Meteorological Council with copies of returns from 
a number of stations. Some slight modifications in the arrangement have 
recently been made, but they do not materially affect the amount of work, or 
the payment made to the Society by the Meteorological Office. 

Quarterly Journal and Meteorological Record. — These publications have 
been continued as usual, and the former contains many interesting Addresses, 
Reports, and Papers. The Record has appeared with greater regularity, as 
the working staff has to a certain extent recovered from the difficulty arising 
in 1887 from the nearly simultaneous resignation of two of the computers 
who had been several years in the service of the Society, and foUy under- 
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stood their work. Few changes have occnrred in the stations. The pbserr 
vations from Cromer, Portsmouth, and Torqaay have been discontinued; 
whilst those from St. Michael's Priory, uear Hereford (Second Order Sta- 
tion), and from Aberystwith (Climatological), have been added to the list 
printed in the Record. 

The MeetingB of the Society have been well attended, and have been held 
as nsnal in the rooms of the Institution of Civil Engineers, by permission of 
the President and Council of that body, who have thus greatly contributed 
to the usefulness of this Society, masmuch as, independently of the pecuniary 
saving, such commodious and central rooms could not otherwise have been 
obtained. 

The Catalogue of the Library having been published in 1876, and a very 
large number of books having since been added to the Library, the Couneil 
took into their consideration the preparation of a new Catalogue. They de* 
cided that, instead of a supplement to the previous one, a complete Catalogue 
should be compDed, and that this should be arranged alphabetically, under 
authors* names. The Catalogue Committee consider that they have been 
fortunate in obtaining the services of Mr. J. S. Harding, F.B.Met.Soc., as 
Editor; and they believe that the volume will be distributed to the 
Fellows in 1890, and will be alike creditable to the Society and useful to all 
Meteorologists. The cost, which will probably be between £iQO and JS150, 
is already provided for. 

The surplus stock of the Society's PubUeations having largely increased 
beyond the convenience of storage, it was decided to distribute the surplus 
copies of the publications dated before 1880 amongst the Fellows* after re- 
serving 26 copies of each for stock. A notice was accordingly issued to the 
Fellows, and a large nxunber of the surplus copies have been accordingly 
sent out. 

Owing to the increase of the Library, the shelf accomodaUon has become 
insufficient, and no additional space being available in the Society's roomst 
application was made to Mr. Barnes, from whom those now occupied are 
rented, and he has kindly placed several shelves at their disposal, where a 
largo number of non-meteorological serials can be placed and obtained when 
required for reference. This offer has been accepted with thanks. The 
rooms occupied by the Society have been whitewashed, painted and repaired, 
and other improvements made in the accommodation, but this is insdlcient 
for our wants. A Committee has been therefore appointed to make inquiries 
in the neighbourhood, but the rent asked for suitable rooms was too high. 
In these circumstances the Council have initiated a New Premises Fund, by 
investing the sum of £50 as a commencement towards the amount necessary 
to provide better accommodation. The Council hope that many of the Fel- 
lows will assist in carrying out this scheme. 

It is to be remembered that owing to the comparative youthfulness of our 
Society we are in a worse position than many of the other Societies, e.g. all 
the following have rooms free of all charge, and of rates aod taxes provided 
by Government, viz. — 
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The Royal The Geological 

The Society of Antiquaries The LinnaBan 

The Royal Astronomical The Chemical 

and though the Royal Geographical Society is not provided with rooms, it 
receives a Parliamentary grant" of £600 per annum ** to enable the Society 
to provide suitable rooms in which to hold their meetings, and to exhibit to 
the pnbliCy free of charge, their collection of maps." 

FellowB. — ^The changes in the number of Fellows during the year are 
shown in the following Table : — 



Fellows. 


Annual. 


Life. 


Honorary. 


Total. 


1888, December 81 ... 


876 


182 


18 


626 


Since elected 


+68 

- 1 

- 9 
-19 

- 8 


+4 

+ 1 
-6 
•• . 
• • • 


' 1 
! +G7 


-1 ! _ift 


Bmce compounded 

Deceased 


Retired 

Defaulters 


• • • 

• • • 


-19 
- 8 




1889, December 81 ... 


401 


181 


17 


649 



DetUhi, — ^The Ck>uncO have to announce with much regret the deaths of 
Sixteen Fellows, including one Honorary Member, Prof. Elias Loomis. The 
names are : — 

Bt. Hon. Edward Pleydell Bouverie, M.A., F.R.S. 

George Daniel Brumham 

William Brown Clegram, M.Inst.O.E. 

Warren de la Rue, M.A., D.C.L., Ph.D., F.R.S. 

John George Gamble, M.A., M.Inst.CE. 

Henry Hudson, M.D. 

li%jor Charles Henry Maurice Kensington, R.E. 

Hugo Leupold, Assoc.M.Inst.G.E.. 

ILgor Edward Windus Mathew, D.L., J.Pr 

James Muir, M.Inst.O.E. 

William Parkes, M.Inst.CE. 

Bev. Stephen Joseph Perry, S.J., M.A., F.R.S. 

James Simpson, M.Inst. C.E. 

George William Stevenson, M.Inst.CE., F.G.S. 

Alfred Hope Wood, ABS0C.M.Inst.CE., 
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elected June 16, 1864. 
Feb. 17, 1869. 
Mar. 16, 1876. 
Apr. 17, 1867. 
Feb. 18, 1880. 
Nov. 17, 1869. 
Mar. 16, 1887. 
Mar. 19, 1884. 
June 16, 1881. 
May 16, 1878. 
June 16, 1864. 
Apr. 21, 1869. 
Apr. 20, 1870. 
Feb. 16, 1882. 
June 16, 1881. 
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APPEN- 

STATEMENT OF BEOEIPTS AND PAYMENTS 



Receipts. 



Balance from 1888 

Subscriptions for 1889 , 

Do. former years , , 

Bo, paid in advance, 

J Alii Compositions , 

Entrance Fees ...,,,.,, 



Meteorological Office— Copies of Beturns 

Do. Grant towards Inspection Expenses 



Dividends on Stock 

Sale of Publications 

Repaid by Authors for Corrections 
Grant for Thunderstorm Inquiry 



£ 


f. 


d. 


S43 4 


d. 
2 


C07 


16 









45 


2 









59 


1 









105 












.48 








804 19 





99 


2 


U 






25 








124 2 


11 








61 12 


2 








89 1 











2 7 











80 a 


Q 



/ 



/ 



/ 



/ 



/ 



/ 



/ 



£1464 14 9 
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BIX 1. 

FOli THE YEAR ENDING DECEMBER 31st, 1889. 



Payments. 

£ 8. d. 
Journal, ^e. :— 

Printing No8. 69 to 72 140 1 

Illnstrations 21 17 1 

Authors' Copies 14 10 

Meteorological Becord, Nob. 81 to 34 48 9 6 

Begistnur-General*B Reports 8 8 

Printing, dbe, : — 

General Printing 82 2 

Forms, Ao 8 10 6 

SUtionery 19 8 8 

Books and Bookbinding 27 6 10 

Berision of Library Catalogue MS 10 

Ofiee Expenses, ^e. : — 

Salaries 327 8 

Bent and Housekeeper 48 9 

Bepairs, Coals, d^ « 18 10 

Postage, ftc 68 3 

P^ty Expenses 12 17 7 

Befreshments at Meetings 13 13 7 

Exhibition of Instruments.. ...•. •••• 5 13 6 

Observations : — 

Inspection of Stations 40 18 11 

Observers at Old Street and Seathwaite 7 2 

Instruments l 3 4 

Wind Force Experiments 2 13 6 

Thunderstorm Discussion 22 

Stock ;— 

Parchase of £100 N. S. W. 4 per oeut. Inscribed Stock . . 114 3 

Do, £51 5s. 8d. Consols (New Premises Fund) . . 50 



£ f. d. 



238 5 7 



97 8 



479 14 7 



73 17 9 



164 8 



Balanci : — 

At Bank of England • • 

In hands of Assistant- Secretary 



89J 10 10 
16 15 



1048 8 U 



416 5 10 



£1464 14 9 



Examined and compared with the Vouchers, and found correct, 

J. S. HAKDING, 
H. SOWEIUJY WALIilS, 
January 9th, 1890, 



1 



Auditors, 



92 



BEPOBT OF THE COUNCIL. — ^APPENDIX I. 



%i 



ct) 



o 
o 






o 
o 



o 



o 



s 






o 
o 









o o o 

o © »o 

O CO i-i 

<«• 09 eo 



o o 
o o 



o o 

CO »» 



\ 

O O 

o ^ 



9» <0 
CO 



V3 



o 
o 

00 



H 

09 



OB 
H 
H 

OQ 
00 

<1 





a 






•1^ o 

ll 






3 

CO 

o 

^ CO 

a « 

as 



o 
«o 

ao 

o 

00 

a 
o 



a 
o 

o 

o 

.5 

a. 



9 0> M 



OQ 

a 

o 



00 






a 5 












CO 

S 3 o 

g 8 OQ 

o ^ a 

t5 o o 

o S S 

^ -S 5 



o 

OQ 

.s 



^ CO 




00 

a 

.a ft 



I 1 



o <o 



»H 00 



«a3 O) OO 






CO H* 
CO 
C4 









o 

00 



? 



09 

H 
H 

Hi 



9 

a 

M 

a 

2 ° 

Q H 

§ -s 

on fl 

"§ I 

QQ O 



o 

•§ 



O 

o 



OQ 



OQ 
OO 

H 



I 

•3 

8 

i 

8 



B8P0BT OP THE OOUNOIL. — ^APPENDIX n. 98 

APPENDIX 11. 

BEPORT ON THE INSPECTION OF THE STATIONS, 1880. 

^ AH the stations in Wales and the South-west of England have been 
visited this season, and were found to bo in a satisfactory condition. 

The alterations in the zeros of the thermometers were more numerous than 
I have found in any previous inspection. This is, no doubt, largely due to 
the fact that three years have elapsed since the last inspection. The following 
18 a summary of the changes in the zeros of the thermometers : — 



Diy. 


Wei. 


Max. 






Min. 




Earth. 


5 risen 0*1 


o 

6 risen 0-1 


2 risen 


O 

01 




risen 


0°2 


o 

1 risen 0*2 


7 „ 0-2 


5 „ 0-2 


2 „ 


0-2 




»• 


0-1 


1 „ 0-8 


8 „ 0-8 


2 „ 0-8 


1 „ 


0-8 




gone down 
>» 

it 
>> 
f» 


01 

0-2 

0-8 

0-4 

0-7 

2-2^ 


2 „ 0-4 



At two stations Negretti and Zambra*s pattern of earth-thcrmomotcr is in 
ose. In this instrument the thermometer is enclosed in a thick glass tube, 
with the bulb and a portion of the stem also embedded in wax. The 
thermometer is consequently exceedingly sluggish ; so much so that I was 
quite unable to compare it with my standard thermometers. 

In three instances the thread of mercury forming the index in Phillips's 
maximum thermometer had become so long that there was a risk of the air 
bubble working into the bulb and throwing the instrument out of order. 
These indices I shortened considerably by placing the bulb in a mixture of 
salt and ioe, which reduced the temperature nearly to zero. 

When in Wales I called upon Dr. Roes Davies, the Medical Officer of 
Health at Aberystwith, and asked him if he would observe for the Society. 
This ho has agreed to do. The instruments belong to the Corporation of 
Aber^'stwith, and are mounted in the enclosure selected by Mr. Symons in 
1876. A Jordan sunshine recorder has recently been obtained. Wc may 
now expect some valuable observations from that part of Wales. 

WiLUAM Marriott. 

October 15th, 1889. 



NOTES ON THE STATIONS. 

AfiBRTSTwrrn, July 22nd. — 1 called upon Dr. D. Bees Davies, the 
Medical Officer of Health, and found that he was willing to furnish the 
Society with observations. The instruments are in the same position as 

1 Thi« was a grass minimum. The cbange was not due to the condensation of spirit 
ftl the top of the tube. 
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described in Vol. III. p. 68. On comparing the thermometers I fonnd thai 
the zeros of the dry and wet had risen 0*^-8, the maximum 0°'l, and the 
minimum decreased 0^*4. A Jordan sunshine recorder has recently been 
added to the station. 

AsHBUBTON, September 4th. — The rain-gauge had been moved about 12 
feet south of its former position about two months previous to my visit. 
The thermometer screen required to be painted and made firmer. The zeros 
of the maximum and dry bulb thermometers had risen 0°*2, and the 
minimum had decreased 0^*2. 

Babbacombe, August 28th, — The station was in good order. Some slight 
changes had talsen place in the zeros of most of the thermometers since the 
last inspection in 1886. The grass minimum thermometer had however 
been broken, and the zero of another one, which was being used in its place, 
was found to have decreased 2^*2 in the past year. 

Bbampford Speke, August 26th, — The instruments were in the same 
position as at the last inspection. The thermometer screen required 
painting. The zeros of the dry and wet bulb thermometers had risen 0°*3. 

BuDE, September 3rd, — There was no change in the thermometers. Mr. 
Arthur contemplates discontinuing the observations at the end of 1890. 

BuBGHiLL, July 18th, — As trees had grown up very much in the 
neighbourhood of the thermometer screen, I recommended that it be moved 
to a more open situation. The screen also required painting. As the 
shrubs round the rain-gauges had also grown very much Dr. Chapman was 
requested to move one of the gauges further to the north. 

Buxton, July 25th, — The observations have been in charge of Mr. W. H. 
Beck since February. The thermometers were all correct. The column of 
mercury in the maximum however was very long, and was liable to get out of 
order. The Jordan sunshine recorder was not firmly fixed, and required 
adjustment. 

Cabmabthen, August 23rd, — Dr. Hearder was away at the time of my 
visit, but the deputy observer showed me the instruments. The thermometers 
were all correct except the wet bulb, which had gone up 0°*2. 

Cheltenham, July 17th, — The thermometers required re-arranging in the 
screen. The zeros of the mercurial thermometers had risen : the dry 0°'2, 
wet 0°-l, maximum 0°-8. 

Chubchstoke, July 20th, — The thermometer screen, which was fixed on one 
stout post, was rather shaky. I recommended that it be fixed on four posts. 
The thermometers were all correct. The sunshine recorder is placed on the 
tower of Melliugton Hall, and has a very open exposure. 

CuLLOMPTON, August 26th, — This station was in good order. The 
thermometers were correct except the wet bulb, which had gone up 0°*2. 
The earth thermometer is now not used. The sunshine recorder is mounted 
on an iron plate fixed on tlie top of a lauip post, which is built into a brick 
pier. The exposure is very good ; the glass shade which formerly covered the 
recorder has been removed. 

ExETEB, August 27th,' — I culled at the Hospital and fonnd that no 
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obseryations had been made since the Rev. P. H. Newnham's death. Dr. 
R. Goombe, the House Surgeon, agreed to take the observations for a month 
as an experiment, and then if satisfactory, to continue them. The ther- 
mometer screen required painting. 

Falhouth, August Slst, — The station was in good order. The zeros of 
tho dry and wet bulb thermometers had gone up 0^*1. 

GwBBNTFED Pabk, July 19th, — This station is close to Three Cocks 
Junction, Brecknockshire, 6 miles South-west of Hay, and 8 miles North- 
west of the Black mountains. The situation and exposure arc very open. 
Since my visit the station has been equipped so as to fulfil tho requirements 
of the Society. 

Ilfbaoombe, August 24th, — The funnel of the rain-gauge had become 
corroded and required attention. A new funnel with deeper rim was sub- 
sequently ordered, and put in position on January 1st, 1890. The zero of 
the dry-bulb thermometer had risen 0°*2. 

Llandudno, July 24th, — The exposure of the instruments was much 
better than at the previous inspection ; the shrubs, Sec, having been cleared 
away, and a plot of grass laid down. The minimum thermometer had 0^*8 
of spirit at the top of the tube. The sunshine recorder is mounted on tho 
roof of the Old Telegraph Station on the top of tho Great Orme*s Head, where 
the exposure is very good. The recorder, however, was not in good adjust- 
ment. 

Mablbobough, July 16th, — The muslin on the wet-bulb thermometer 
required changing. The zero of the dry -bulb thermometer had gone up 0'^-3. 
The g^rass minimum thermometer had some spirit at tho top of tho tube. 
Tho earth thermometers, which are enclosed iu a thick outer tube, aud have 
the bulb surrounded by wax, are so sluggish that it was impossible to tost 
them. As Mr. Storey had loft the College, the instruments were again under 
the charge of Mr. Hewitt. 

Oakamoob, July 24th, — The maximum was inclined with the bulb slightly 
npwards, so that the thermometer had to bo gently tilted before it could bo 
read. I altered the position of the maximum and minimum, so that, no 
doubt, better results will now be obtained. The thermometer screen ro^iuirod 
painting. 

Pbinobtown, August 30th, — Tho zeros of tho dry and wet bulb thcr- 
tnometers had risen 0^*1. The thermometer screen required painting. Tho 
observations in the morning are taken by Mr. Hamick, a warder, aud in tho 
evening by Dr. Stone, who always reads the barometer. It appears that the 
officials of the prison open the door of the thermometer screen occasionally 
daring the day, and look at the thermometers. 

Boss, July 17th, — The thermometer screen and rain-gaugo were better 
exposed than at the previous inspection, as a number of shrubs had been cut 
down. The screen had also been moimted on four posts. The muslin on 
the wet bulb requfared changing. 

BotTSDONy September 5th, — On comparing the thermometers it was found 
ilurf the 1 ft. and 4 ft. earth thermometers had risen 0'''4, and tho 2 ft. 0^*8, 
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while the minimam thermometer had gone down 0^*2. As the present site, 
which is in a kitchen garden, is somewhat sheltered, Mr. Peek proposes 
removing the instruments to a more open situation near the Astronomical 
Ohservatory on January 1st, 1890. Simultaneous readings will be taken at 
both sites during the next three months. In addition to the ordinary 
instruments Mr. Peek has also a large cup anemograph (on the Water Tower), 
a Gordon electrical anemometer, a Richard barograph, and 8 evaporation 
tanks. 

SiDMOUTH, August 27th, — ^The station was in good order. The zero of the 
dry bulb thermometer had gone up 0°'2, and the wet 0^*1. 

St. Michael's Priobt, July 18th, — I called here and selected sites for the 
instruments which Canon Howlett proposes putting up. The exposure is 
very good. St. Michael's Priory is 2^ miles South-west of Hereford. It is 
anticipated that the observations will be continuous durmg the vacations, as 
there are always some Professors in residence. 

Stowell, August 21st. — This station was in good order. The zeros of the 
dry and wet bulb thermometers had gone up 0^*2, and the minimum had 
gone down 0^*8. The earth thermometer was so sluggish that it oould not be 
tested. In addition to the usual instruments the Rev. H. J. Poole has a 
Jordan sunshine recorder, a Richard barograph and thermograph, and a 
percolation gauge. 

Teignmouth, August 29th, — The instruments are in the same position as at 
the last inspection. The screen had recently been fixed on new posts and 
painted. The minimum thermometer had gone up 0^*2. 

ToBQUAT, August 28th, — ^Mr. Chandler has a set of instruments in the 
grounds of the Devon Rosary, which are well exposed except on the east. 
The Jordan sunshine recorder is mounted on a stone pier on the top of 
Chapel Hill, near Torre Railway Station. The exposure is very good. 

Weston-super-Mare, August 22ml, — The instruments were in the same 
position as at the previous inspection. The dry and wet bulb thermometers 
had gone up 0°*2. The screen required painting. 
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The Right Hon. Edward Pleydell Bouverie was bom in 1818, and was 
the second son of the third Earl of Radnor. He was educated at Harrow 
and at Trinity College, Cambridge, where ho graduated M.A. in 1888. He 
entered public life very soon after leaving the University. From January to 
Juno 1840 he was pr6cis writer to Lord Palmerston. 

He was called to the Bar at the Inner Temple in 1848, and in the following 
year he was returned to Parliament in the Liberal interest as Member for 
Kilmarnock, which constituency he continued to represent until 1874, when 
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he was an onsaccessfal candidate. Dnring his 80 years of Parliamentary 
life Mr. Bonverie was a prominent figure in the House of Commons. From 
July 1860 to March 1862 he was Under-Secretary of State for the Home 
Department, and from April 1868 to March 1866 he was Chairman of 
Committees. In March 1866 he was made Vice-President of the Board 
of Trade, and in August of the same year he vacated this office and became 
President of the Poor Law Board, which position he held until 1868. In 
1867 he was appointed one of the Committee of Council of Education. He 
was Second Church Estates Commissioner from August 1869 until November 
1866, and from the year 1869 he was one of the Ecclesiastical Commissioners 
for England. 

Mr. Bouverie was also a director of many great companies, among them 
being the Great Western Railway Company, and the Peninsular and Oriental 
Company. 

Mr. Bouverie was at one time a prolific contributor to the correspondence 
oolumns of The Times, and his letters, which appeared over the signature 
'* E. P. B.", more especially those on the subject of the Bulgarian atrocities 
in the autumn of 1876 and the following year, were widely read and widely 
eommented on. 

He died on December 16th, 1889. 

Mr. Bouverie was elected a Fellow on June 16th, 1864. 

GsoBaB Daniel Bbxjmham was bom December 20lh, 1827, at Sandy, in 
Bedfordshire, but removed to London at an early age. Entered first as a 
olerky he subsequently became a member of the Stock Exchange, with which 
he wacf connected for a quarter of a century. He continued a member for 
some few years after retiring from active practice, but eventually devoted 
himself almost wholly to Meteorology. He was elected Fellow on February 
17th, 1869, and contributed to the Society the following papers : — 

*< On some of the Laws which appear to regulate the Temperature of 
Months and Seasons." Proceedings, Vol. IV. p. 75. 

"On some of the Laws which appear to regulate the Temperature of 
Summer months and Seasons." Proceediiu/s, Vol. V. p. 129. 

*' On the Moon's influence in connection with extremes of Temperature.*' 
Quarterly Journal, Vol. HI. p. 80. 

He also wrote many articles and letters in the Meteorolof/ical Magazine 
upon the subject to which he devoted almost lifelong care and work, viz. the 
elaboration from the records of the past of rules indicative of the probable 
character of future seasons. 

Mr. Brumham's health was never strong, and he was carried off by 
an attack of bronchitis on April 20th, 1889. 

William Brown Oleqram, whoso death occurred on the 8rd of June 1889, 
vfaa bom on the 1st of October 1809 at Shoreham, Sussex, Where his 
father, who began life as a sailor, had settled in order to take charge of 
improvement works designed by him for the harbour at that place. He was 
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brought up by his father to the profession of a civil engineer, and before he 
quitted Sboreham in 1827 had assisted him in his drawings and surveys. At 
this time Mr, Clegram, senior, was selected to take charge, under Mr. 
Telford, of the Gloucester and Berkeley ship-canal, then not yet completed. 
His son almost at once entered the same service, being appointed Clerk in 
1829. 

Whilst holding this office he had leisure to assist his £ather in designing 
new basins, quays, graving-docks and other works at Gloucester; and 
in 1861 he succeeded to the post of Engineer and Superintendent. At this 
time the important and practically untried system of towing by means of 
screw steam-tugs was introduced on this canal, and formed the subject of a 
Paper he presented to the Institution of Civil Engineers entitled '* Results 
of the Employment of Steam-Power in Towing Vessels on the Gloucester and 
Berkeley Canol."^ 

Mr. Clegram was always an ardent advocate for the retention and improve- 
ment of the water-ways of the country, and had more than once to sink 
personal feelings in their defence as well as to embark capital in their 
advancement. 

In conjunction with the late Mr. T. E. Harrison, C.B., he carried out 
important improvements at the sea entrance to the canal at Sharpness, the 
position of which was the subject of long and mature deliberation, rendered 
none the easier by the consideration that it was necessary to provide access for 
vessels of some 8,000 tons displacement in a channel where the tide 
frequently set at the rate of 7 knots an hour. That these works proved 
equal to the requirements of the trade of the district for fifteen years is 
evidence of his sound judgment and power of acquiring technical knowledge 
from others ; and that they can scarcely be said now to be on this footing is 
due to the fact that Mr. Clegram had to make the most of funds, provided in 
a great measure by his untiring activity, in a district not specially favoured 
with a redundant or too wealthy population. The works consisted of open 
wooden piers on either side of the entrance into a tidal basin, with lock, 
floating-basin, graving-dock, and connecting-cut to the old works. He was 
also one of the prime movers in the founding of the Severn Bridge. 

Perhaps the chief noticeable features of his character were the wide range 
of his attainments, and the thoroughness with which he was wont to grasp 
every detail of the work he set himself to carry through. He was a good 
artist, a keen observer of nature, with both microscope and telescope, a great 
reader, and an accomplished musician. To all about him he was ever con- 
siderate and courteous, with a kind word for every one with whom he came 
in contact. His advice was at all times eagerly sought by his more intimate 
friends, and his judgment relied upon as sound and trustworthy. He was, 
like his father, a systematic recorder of daily events, small and great, which 
included meteorological observations. 

He was elected a Fellow of this Society on March 15th, 1876* 

^ Minutet of Proceedings Inst. C»E.t Vol. XXVI. p. 1* 
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Wabben de la Rue was bom at Gaemsey on January 18th, 1815, and 
was the son of Mr. Thomas de la Rue, the founder of the eminent firm of 
manufiEtcturing stationers in London. He was educated at the College 
Saint-Barbe in Paris, where he remained until he returned to London to enter 
his father's business. He subsequently succeeded his father as head of the 
firm, from which he retired in 1880. 

In the course of his conduct of the firm Mr. de la Rue applied his scientific 
knowledge to purposes of practical utility and patented a number of inventions, 
among them being processes for utilising earth oils, and machinery for 
simplifying the making of writing materials. 

The principal scientific work in which he distinguished himself was the 
application of photography to the recording of celestial phenomena. The 
photographs, when measured by a micrometer which he invented, furnished 
exact astronomical data. Li 1860 he went to Spain with the ** Himalaya " 
Expedition, and was successful in obtaining a series of photographs of 
the total eclipse of the sun on July 18th. In conjunction with Professor 
Balfour Stewart and Mr. B. Loewy, he published '* Researches in Solar 
Physics,*' founded on observations made at the Kew Observatory undor his 
directions. He also took an active part in making the preparations for the 
photographic observation of the transit of Venus in 1874. 

Mr. de la Rue established a private observatory at Cranford, Middlesex, 
bat it was dismantled in 1878, and the instruments presented to the 
University of Oxford. He acted as juror and reporter in the Department of 
Class XXIX. in the Great Exhibition of 1851, was a juror in Class X. of the 
Paris Exhibition of 1855, and presided over Section B, Class XXVlll. of the 
Exhibition of 1862. He has held office in several societies. He acted for 
some time as Secretary of the Royal Astronomical Society, of which he was 
also President from 1864 to 1866. He was President of the Chemical 
Society from 1867 to 1869 and again in 1879-80, and was till his death one 
of its Vice-Presidents. He was for many years President of the London 
Institution, from which he retired and became Secretary of the Royal 
Institution in 1878, but resigned the post in 1882. He was a corresponding 
member of many foreign scientific societies. 

Mr. de la Rue was for several years a Member of the Kew Committee and 
also of the Meteorological Council. He was elected Chaurman of the Kew 
Committee on the death of Sir E. Sabine in 1888. 

He was elected a Fellow of this Society on April 17th, 1867. 

He died on April 19th, 1889, aged 74. 



J. G. Gamble. — ^The Society has lost a sincerely appreciative as well as a 
hard working Fellow by the death, of typhoid fever, at the age of 47, of 
Mr. John George Gamble, M.A., M.Inst.CE., which took place on November 
7th, 1889, at Dublin, where he held the appointment of Chief Hydraulic 
Engineer to the Gbvemment, and where in regard to the important schemes 
on which he was engaged his loss will be much felt. 
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Mr. Gamble was a man of considerable scientific and other attainments, 
having distinguished himself at Oxford by taking high honours both in the 
Classical and Mathematical Schools, and it may be mentioned that he there 
obtained the Gold Medal for the Johnson Memorial Prize Essay in 1871, the 
subject of the Essay being ** The Laws of Wind." 

Ho subsequently became a pupil to Sir John Hawkshaw, the eminent OiTil 
Engineer, and while with him he was engaged in connection with the carrying 
out of important docks and other works, and he communicated papers which 
were read before the Institution of Civil Engineers in 1875, and the British 
Association in 1872, on tlie Brighton Intercepting and Outfall Sewers, of 
which work Mr. Gamble was the Resident Engineer under Sir J. Hawkshaw. 
He also acted as one of the local secretaries to the Mechanical Science section 
of the British Association at the Brighton Meeting in 1872. 

Alter being engaged on an important investigation under Sir J. Hawkshaw 
on the Harbours of Brazil, he became in 1875 Chief Hydraulic Engineer to 
the Gt)vemment of the Cape of Good Hope, where he designed and executed 
important works for domestic water supply, irrigation, and storage of water ; 
and his reports in this capacity, extending over the period 1876-85, contain 
many valuable papers on these subjects. 

Soon after his arrival in the Colony Mr. Gamble recognised the important 
bearing of Meteorological phenomena on the work of the Hydraulic Engineer, 
particularly as exemplified in the results of observations of temperature and 
rainfall, on which subjects he wrote several papers of considerable interest 
and value. 

He found at the commencement that there was a great deficiency of records 
of rainfall ; those, however, which existed were analysed, and in 1878 we find 
that a paper was contributed by him to the South African Philosophical 
Society, giving a list of 28 Rainfall stations, and in connection with which 
four seasonal maps were exhibited. 

A complete list of the papers written by him on Meteorological and other 
subjects would occupy too much space, but we may mention that on the 
''Rainfall of South Afirica," contained in the Qtiurt. Jour, R. Met. Soc. Vol. 
VU. p. 8, which gives some account of the state of Meteorological knowledge 
in South Africa previously existing, and of the steps taken by Government to 
improve it ; and as conducing to this end much might be said as to the effect 
of Mr. Gamblers influence in arousing interest in the subject, and in infusing 
vitality into the operations. 

He became in 1877, and continued until his death, a Member of the 
Meteorological Commission which had existed for some years previously to 
his arrival in the Colony, and at some of the works carried out by him in 
exceptional localities observations established by him of evaporation ftnd 
other matters have given interesting results. 

Some of the more important of Mr. Gamble's labours in connection with 
this subject, are the Tables of average Rainfall from 75 stations, being 
all those in the Colony at which records had been kept for at least 5 years, 
contained in the Met. Com, Rep, for 1888, diagrams plotted from which were 
published in the Report of the succeeding year. 



• * , 
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At the Colonial Exhibition held in South Kensington in '-16B6*. Monthly 
and Yearly Maps of the Mean BainfiEdl of the Cape Colony by llj:r'<}amble 
were exhibited, and these were subsequently reproduced in the Met, Cdm, lUp. 
for that year, which also includes the Bainfall Ketums, which had in thes^ . 
few years increased to 275 stations. * ^'-^ 

Another was a Catalogue of printed books and papers relating to the ^ 
Climate and Meteorology of South Africa, contributed to the South African 
PkU. Sac. Vol. n. Part H. 

Mr. Gamble was elected President of the above-named Society for the year 
1881-2, on which occasion his address was on ** The Barometer and the 
Winds." 

Another interesting paper on *' Water Supply in the Cape Colony " was 
printed in Vol. XC. of the Min, Proc, hist, C.E, 

In addition to his other subjects of interest, Mr. Gamble paid much 
attention to the subject of higher Education in the Colony. 

He was an examiner and a Member of Council of the Cape University, in 
the work connected with which he took a large share, and the high degree of 
cnltore possessed by him, as well as the assiduity with which he applied 
himself to matters in which he took part, rendered his departure from the 
Colony a loss deeply deplored in many quarters. 

Mr. Gamble was exceedingly conscientious, and he carried out with great 
energy and ability all he undertook ; he was also exceedingly unassuming in 
his manners, although his knowledge extended over a wide range of subjects, 
and his memory will long be highly esteemed by a large circle of friends. 

He was elected a Fellow of this Society on February 18th, 1880. 

Pbof. Euas Looms was bom on August 7th, 1811, at Willington, 
Connecticut. He was appointed Tutor at Yale College in 1888, but he 
spent a year, 1886-7, in Paris. On his return he held professorships in 
▼arions colleges till 1860, when he was appointed Professor of Astronomy at 
Yale, an office which he held till his death on August 15th, 1889. 

Prof. Loomis began publishing papers on storms in 1888, and his 
Smithsonian Contribution ** On certain Storms in Europe and America, 
December 1886," was dated 1889. He wrote a number of school text-books of 
science. His Treatises on Meteorology and Astronomy are both well known 
in this country. His books are said to have attained a sale of 500,000 copies. 

His most important work has been the preparation of his ** Contributions 
to Meteorology," originally issued in SiUiman's Journal, He was engaged up 
to the time of his death in a republication of these in quarto form. 

He was elected an Honorary Member of this Society on June 17th, 1874. 

Edward Windus Mathew was the son of Mr. Nathaniel Mathew, of Wem, 
Carnarvonshire, and was bom in 1812. He was a J.P. and D.L. for county 
Carnarvon, and was for some time Major-commanding the 4th Carnarvonshire 
Rifle Volunteers. His family were connected with large slate quarries in 
Wales, and carried out extensive quarry works in coi^junction with Lord 
Penrbyn. 
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He romped to Guildford about ten years ago, where he took a lively 
interest in -goieetiiigs of a social and political nature. 

•jHe was a devoted student of Meteorology, and contributed largely to the 
jBciehti£c j oumals. 

\'.'B.e died on October 26th, 1889, in the seventy-seventh year of bis age. 
■ '/' He was elected a Fellow of this Society on June 15th, 1881. 

James Muib was bom at Glasgow on May 81st, 1817> his father being the 
Rev. William Muir, D.D., LL.D., a minister of the Established Church of 
Scotland, afterwards of St. Stephen^s, Edinburgh, and one of Her Majesty's 
chaplains in Scotland. Mr. Muir was educated at Edinburgh, where he 
attended first the High School, and then the Academy, completing hie 
education at the University. Whilst awaiting an opening that would form an 
introduction to civil engineering, he assisted Mr. John Scott Russell, under 
whom he had formerly studied, in investigating the laws that govern wave 
motion and that afifect the movement of floating bodies through water. At 
the age of eighteen he came to London, and was articled to the Messrs. J. 
and G. Bennie of Blackfriars. There Mr. Muir was employed in the office 
and workshops until the year 1841, when he entered the service of the New 
River Company, London, as assistant to Mr. W. C. Mylne, F.R.S. Whilst bo 
engaged he designed a water-meter which was found to be a great improve- 
ment upon the then existing apparatus, and he was thereupon hi^y 
commended by the Directors of the Company for his ingenuity. 

On the resignation of Mr. Mylne in 1859, Mr. Muir was appointed 
Engineer to the Company. From this time until his retirement he was 
energetically occupied in extending the sources of the supply, in improving 
the means available for its distribution, and in maintaining its quality at the 
highest standard of purity attainable. In order to meet the heavy demands 
that arose from extension of building, and the increased use of water for 
sanitary purposes, he sank numerous deep wells into the chalk between 
Hertford and London. By deep boring at two of the wells, viz. those at 
Ware and atTumford, he solved the question, so far as the country northward 
of London is concerned, of the possibility of finding a new source of water for 
the supply of the Metropolis in the Lower Greensand, a question that was 
formerly much discussed by geologists. At both of the places named the 
stratum sought was found to exist, but in a very attenuated form and quitQ 
devoid of water. 

A matter that frequently engaged his attention was the enlargement of the 
channel of the New River along which the supply is conveyed to town. 
This artificial watercourse having been formed more than 270 years since, 
has from time to time needed much alteration to fit it for present require- 
ments. In pursuit of this object, Mr. Muir renewed the aqueduct at places 
where diversion of the stream was required ; added auxiliary conduits where 
the sectional area was restricted, and by various ingenious methods largely 
increased the carrying capacity of the channel. The rapid growth of the 
northern suburbs of London early necessitated the coustruction of an enlarged 



BBPOBT OF THE OOUMCIL. — ^APPENDIX UI. 108 

filtering and pnmping station at Homsey, where under his direction provision 
was made for lilting large quantities of water to reservoirs on the tops of the 
ridges extending from Homsey to Hampstead. Among the nmnher of these 
newly-made Reservoirs a pair at Crouch Hill, having a total capacity of 
12,000,000 gallons, were constructed in the face of considerahle engineering 
difficulties arising from the treacherous nature of the sub-soil. 

Shortly after his appointment as Engineer to the Company Mr. Muir 
re-arranged the whole system of distributing mains throughout the town 
districts, forming zones of supply at the various levels corresponding to 
several reservoirs. This involved the laying of a great number of pipes 
varying in size up to 86 inches in diameter, and the arrangement of many 
new connections, the work being often carried on under great disadvantages 
owing to the crowded state of underground London, and the many interests, 
municipal and other, that must necessarily be consulted. 

In 1872, when the regulations for prevention of waste of water were 
framed by the Board of Trade, as prescribed by the Metropolis Water Act of 
the preceding year, he took an active part in collecting materials that would 
be of service in their compilation, his aim being to obtain for London the 
advantages that are possessed by most of the larger municipal Corporations, 
in the way of ability to prevent waste of water without restricting its use for 
domestic purposes. With this end in view he also took great interest in all 
newly-invented water fittings, whether for domestic or public use. Among 
the many details appertaining to the various structures and appliances used 
in waterworks, which had his studious and indefatigable attention, may be 
mentioned the arrangement of the filtering medium in filter beds. He first 
introduced the method, which has now become general, of forming small drain 
channels of common bricks laid dry in rows at the bottom of the bed, with a 
closely-paved covering of the same above, upon which shingle for supporting 
the sand rests. 

In the course of many inquiries concerning such matters as Water Supply, 
Pollution of Rivers, &c. that have from time to time been conducted by 
Royal Commissions and Parliamentary Committees, Mr. Muir was often 
called upon to appear as a witness, in which capacity he greatly excelled, 
impressing all who heard him by the readiness of his repUes, and by the full 
and lucid, but at the same time concise, manner in which he answered 
questions, whether from friendly or opposing counsel. Another direction in 
which he showed talent to a remarkable degree was in dealing with financial 
afiairs, for which he evinced a special aptitude. Thus it frequently happened 
that he was able to efiect considerable economies, without in any way 
lessening the value of the final results. 

In the year 1882, having fallen into ill-health, Mr. Muir was relieved from 
active duty, and accepted the post of Consulting Engineer to the Company. 
In the succeeding year he was elected a Director, and, notwithstanding that 
he then resided at Bournemouth, was unremitting in his attendance at the 
weekly Board Meetings until about midsummer of the year 1888, when he 
was seized with the illness which, after a long and painful course, terminated 
in his death on January 4th, 1889, 
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Mr. Muir was most conscientious and scrapulons in all his dealings, and 
earnestly stroye to imbue his subordinates with his own intense devotion to 
duty. He combined a kindly and gentle disposition with great firmness and 
love of discipline. His judgment was much esteemed by those who were 
professionally associated with him, whilst his courteous manner and readiness 
to assist with judicious counsel made him respected and trusted by all who 
knew him. In private life he was always deeply interested in works of 
benevolence, to some of which he unobtrusively devoted himself, especially 
bestowing much time to the instruction and improvement of the young. 

He was elected a Fellow of this Society on May 15th, 1878. 

William Parkes was bom near Gloucester on October 6th, 1822. He 
was educated at Bristol College and at University College, London, and being 
at that time of a delicate constitution, the doctors advised him to adopt a 
profession which would give him as much outdoor life as possible. With 
this view he entered the office of Mr. Hemming, an engineer in Bristol, in 
1888, and after being there for a certain time, he obtained emplo3rment under 
the contractor who was then constructing the Great Western Railway. 

In 1845 he entered the office of the late Mr. James Walker, Past- 
President, Inst. C. £., and while with him assisted in the preparation of the 
surveys and plans for various large works. 

In 1847 he was sent to Aldemey by Mr. Walker to report on the proposed 
harbour there, and, on the commencement of the works shortly afterwards, he 
acted as Resident Engineer under Mr. Walker, holding the position for two 
years. 

In 1849 Mr. Parkes returned to London, and early in 1850 he started an 
office of his own in Parliament Street. He still retained his connection with 
Mr. Walker, who employed him to make reports and surveys for the River 
Dee Improvement scheme and other works of a similar nature in England, 
besides which he made surveys for various railways which were then in 
contemplation. 

In 1858 he was asked by Mr. (now Sir) C. H. Gregory to go to Italy to 
superintend the work of draining Lake Fucino, but after spending a consider- 
able amount of time and trouble the work was taken out of the hands of the 
English Engineers, and Mr. Parkes returned to England, About this time 
Mr. Walker having been requested to report on the proposal to construct a 
harbour at Eurrachee, Mr. Parkes was deputed to go to India to make 
surveys and gather materials for the report, and on his return he prepared 
the plans for the breakwater in conjunction with Mr. Walker, but no work 
was started at Eurrachee for some years afterwards. In 1860 Mr. Parkes 
was employed in the designing and erection of several lighthouses in the Red 
Sea and the Cerigo lighthouse in the Mediterranean. In 1864 he presented 
to the Institution of Civil Engineers a description of this work, for which he 
was awarded a Telford premium.^ He also superintended the construction in 

^ ^Minutes of Proc9^din^$ Itut, CM., Vol. XXIIL p. 1, 
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England of the lighthouse which was erected on the Island of Sombrero in the 
West Indies. 

In 1868 he went out to Eurrachee, and the construction of the breakwater 
was commenced, Mr. W. H. Price being left in charge of the work as 
Resident Engineer, and Mr. Parkes returning to England with the appoint- 
ment of Consulting Engineer. This breakwater, which was completed in 
1878, was the first instance of the now well-known ** sloping-block " system 
being carried out on a large scale. 

In 1878 Mr. Parkes was instructed to go to Madras to report as to 
the formation of a harbour at that place, and in 1875 he submitted to the 
Government his proposed design, consisting of two parallel breakwaters 
running out from the shore and turned round at the ends. This was 
accepted, and work was started there in 1876, Mr. Parkes going out to 
Madras to organise the staff and set the works going. The harbour was on 
the point of completion in 1882, when a cyclone visited Madras, which had 
the effect of destroying the outer arms of the breakwater, and a Committee of 
leading Engineers was appointed in London to consider the best way of 
restoring the works, and on their recommendations the ruined portions of the 
breakwaters were ordered to be reconstructed on a strengthened design, which 
work is still in progress. 

At the time of his death Mr. Parkes was still acting as Consulting 
Engineer to the Madras Harbour Works, and was also the Engineering agent 
for the supply of wharf materials, dredging plant, &c. to the Eurrachee Port 
Trust, for the inner improvement of the harbour. 

His sudden death from heart disease at his house at Surbiton on February 
2nd, 1889, caused the greatest sorrow, not only to his immediate relatives, 
but to a large circle of friends both in London and at Surbiton, where for 
many years he had taken a prominent part in the management of local 
affairs. 

He was elected a Fellow of this Society on June 15th, 1864. 

Stephen Joseph Perby was born in London on August 26th, 1838, and 
was the son of Mr. Stephen Perry, a member of a well-known firm in Red 
Lion Square. He received his early education at Gifford Hall School, and 
then went to France to study at the College at Douay, where he was so 
successful in his mathematical work as to curry off the first prize. From 
Douay he proceeded to the English College at llome for theological training, 
as he was destined for the priesthood, and in 1858 he entered the Society of 
Jesus. 

It was in 1856 that Father Perry first came to Stonyhurst College, to go 
through tlie usual course of mental philosophy and physical science. His 
special aptitude for mathematics was soon perceived, and in the same year he 
was appointed to assist the Rev. A. Weld, who was then Director of the 
Observatory. In 1858, on matriculating at the London University, he went 
up for mathematical honours, taking the sixth place. After this he was sent 
to London for a year to study under Professor Do Morgan, and then for 

KXW SKBIEB. — ^yOL, ZYX. H 
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ftuotlicr yoar to Paris, wlicro he attondcd the mathematical lectures of Liouville, 
Dclaunay, Serrat, Cauchy, and Bertrand. 

In the autumn of 1860 ho returned to Stonyhurst, being appointed 
Professor of Mathematics and Director of the Observatory, as successor to 
Father Weld, who had held that position for many years. In the autumn of 
1868 he left to complete his theological course at St. Beuno's College, 
in North Wales, where he was ordained priest in 1866 ; and when all his 
studies were completed he came back finally to Stonyhurst in 1868 to resume 
charge of the Observatory, which he continued to direct until the day of his 
death. 

Father Perry carried out a magnetic survey of the west of France in 1868, 
and of Belgium in 1871 ; the results of which were published in the 
PhUosoithical Transactions. He also took part in a number of astronomical 
expeditions sent out from this country. In 1870 ho was chosen as chief of 
the expedition to Cadiz to observe the total eclipse of the sun ; and in 1874 
was appointed to the command of the expedition to Eerguelen Island to 
observe the transit of Venus. In 1882 he again took charge of an expedition 
to the South-west coast of Madagascar to observe the transit of Yonus. He 
also went out to observe solar eclipses in the West Indies on August 29th, 
1886, and at Pagost, on the Volga, on August 19th, 1887. 

Father Perry took charge of the Royal Astronomical Society's expedition 
to French Guiana to observe the total solar eclipse on December 22nd, 1889. 
The weather, however, was wet and very unhealthy, and he fell ill with 
dysentery. He managed to bear up and take some successful photographs, 
but he rapidly became worse and died on the 27th. 

He was elected a Fellow of this Society on April 21st, 1869, and served on 
the Council in 1874-76. Ho was elected a Fellow of the Boyal Society in 
1874, and received the honorary degree of D. Sc. from the Royal University 
of Ireland in 188G. 

James Simpson, the eldest son of the late Mr. James Simpson, Past- 
President of the Institution of Civil Engineers, was bom on January lOtb, 
1829, at Thames Bank, Chelsea, the residence of his father, who was at that 
time Engineer to the Chelsea Waterworks Company. He was educated at 
St. Peter's Collegiate School, Eaton Square, and at Dr. Lord's private school 
at Tooting. In 1846 he was articled to Messrs. Bums and Bryce, Architects, 
Edinburgh, where he lived with the late Dr. John Brown. 

Returning to London in 1851 he joined his father, who was at that time 
engaged in an extensive practice as a civil engineer, and superintended for 
him the execution of several important works, amongst others the construction 
of the waterworks at Carlisle and the extension of the Chelsea Waterworks 
Company to Surbiton, Surrey. In 1857 ho joined the firm of Simpson and 
Company, manufacturing engineers, taking a leading part in the introduction 
of improved pumping-plants, especially the Woolf Compound Pumping- 
Engines, and in the construction of waterworks abroad. 

For the past few years failing health prevented close attention to business, 
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although to the last he took a lively interest in all matters connected with 
engineering. Ho was much respected by those in his employ, as well as by 
others with whom he was associated, not only for his kindness of disposition, 
but also for his readiness to impart knowledge. His health gradually 
failing, he died at Brighton on May 11th, 1889, and was buried at 
Brompton Cemetery. 

He was elected a Fellow of this Society on April 20th, 1870. 
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BOOKS PURCHASED DURING THE YEAR 1889. 

Bkccabia, G. — A treatise upon artificial electricity. 4to. (1776.) 

CowB, Rev. J. — The meteorolojjical re^ster kept at Sunbury Vicarage, 
Middlesex, 1795-1839. Foolscap FoUo. (1889.) 

Encyclopedia BritanniCxV. — Ninth Edition. Index. 4to. (1889.) 

Institut MiTiiOROLOoiQUE Danois et le DEUTSCHE Seewaute. — Cortes 
synoptiqnes joumaheres dii temps, embrassant le Nord de TAtlantique et luie 
partie des continents avoisinants, June to Nov. 1885. Folio. (1888.) 

Official Year Book of the Scientific and Learned Societies of Great 
Britain and Ireland, 1889. 8vo. (1889.) 

Smtth, Prof. C. Piazzi, F.R.S. — Teneriffe, an astronomical experiment. 8vo. 
(1858.) 

" The Times *' Register of Events in 1888. 8vo. (1889.) 



APPENDIX V. 

DONATIONS RECEIVED DURING THE YEAR 1889. 

Presented by Societies, Institutions, &c. 

AdKiAIdb, Govebnusnt Obsebvatory. — Minutes of Proceedings of the Intercolonial 
Meteorological Conference held at Melbourne, 1888. 

Allahabad, Meteobological Oftick — Annual Statement of the Rainfall in the 
North-western Provinces and Oadh, 1888. 

Batayu, Magnstical and Meteorological Odskrvatoby. — Observations, Vols. YIQ. 
1883-5, X. 1887, and XI. 1888.— liainf all in the East Indian Archipelago, 1887 and 
1888. 

Batonnb, Societe de Climatolooie Pirenkenne.— Bulletin, Ire Ann6e, Nos. 8, 4, 
and 6 to II ; 2me Annee, Nos. 1-9. 

Berlin, Deutsche METEOROLooiscnE Gesellscij.vft. — Metcorologische Zoitschrift, 
Dec. 1888 to Dec. 1889. 

Berlin, Gesbllsohafi fijr Erdkunde. — Zoitschrift, Nos. 130-142. — Verhandluugou, 
Band XYI. Nos. 1-9. 

Bbblin, Koniglicu Pbeussisches Meteorologisciiks Inbtitui. — Ergcbnissc der 
meteorologischen Boobachtungen im Jahro 1887, and 1889, Heft. 1. — Instruktion fiir 
die Beobachter an den meteorologischen Stationen II. IK. und IV. Ordnung. 

BoHBAT, Meteobological Office. — Brief Sketch of the Meteorology of tlie Bombay 
Presidenoj in 1887-i888.>-Magnetical and Meteorological Observations, 1887. 

Bbibbane, Centbal Weather Bureau. — Brisbane Observatory : Meteorological 
Synopsis, Feb. 188S to June 1889.— Daily Weather Charts of Australia, Oot. 26, 1888, 
to July 24, 1889. — Meteorological Instructions. By C. L. Wragge. — Meteorological 
Boport for 1887. — Minutes of Proceedings of tho Intercolonial Meteorological Con- 
fecence held at Melbourne 1888. — Preliminary Report of the Government Meteorologist 
for the year 1887. — Summaries of Bainfalli Jan. 1888 to Juno 1889.~Telegraphio Code 
and epeeial notice to observers. — The Climate of Queensland, Jan.- June 1889. 

BmiSBAWB, Oexxbal Bboistbb Office.— Annual Beport of tho Kegistrar-General on 
Yital SUtistics, 1888.— Beport on the Vital Statistics, Oct. 1888 to Sept. 1889, 
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LiiusHELK, AcAi>£MiE Ko YALE.— AniiQ aire 1888 and 188^. — Balletins, 3me S£rie, Tome 
XIV.-XVII. 1887 to 1889. 

RuussFLs, Inbtitut National de GI:ooRAPinE. — Bollefcin M4t6orologiqae, Deo. 1888 to 
Nov. 1889. 

Brussels, Observatoibe Royal de Bruxelles. — Annaaire, 1889. 

BuKHAREST, Institut M tTEOROLOoiQUB DE BouMANiE. — Aniiales, Tome m. 1887. 

Gatro, Society Eh&diviale de G^ographie. — Bulletin, Ille S^rie, Nos. 2-4. 

Calcutta, Meteorological Office. — Indian Daily Weather B;eports, Dec. 6, 1888, to 
Ddc. 7, 1889.~Tndian Meteorological Memoirs, Vol. III. Pts. 3 and 4, and Vol. IV. 
Pts. 5 and 6. — Registers of Original Observations, redaoed and corrected, Aog. to Dec. 
1888. — Report on the Administration of the Meteorological Department of the QoYem- 
ment of India in 1887-88. — Report on the Meteorology of J&dia in 1887. — ^Weather 
Charts of the Arabian Sea and the adjacent portion of the North Indian Ocean. 

Cambridge, AsTROMomcAL Observatory of Harvard Colleob. — ^Aimals, Vol. XX. 
Pt. 1. Observations at Blae Hill Meteorological Observatory, 1887. 

Cambridge, New England Meteorological Socibtt. — Bulletin, Dec 1888 to Not. 
1889. 

Cape Town, Meteorological Commission.— Report, 1888. 

Chemnitz, Konigl. sachsisches meteorolooisoheb Instttut. — Jahrbach, 1887. 

Christiania, Norske Mbteorologiske Institut. — Jahrbach, 1887. 

Colombo, Surveyor-General's Office. — ^Report on the Meteorology of O^lon for 
1888. 

Copenhagen, Danske Meteorolooiske Institut. — Bulletin M6t6orologique da Nord, 
Dec. 1888 to Nov. 1889.— Meteorologisk Aarbog, 1886, 1887, and 1888, Pts. 1 and 3.— 
Observations Internationales Polaires. Expedition . Danoise. Observations faites & 
Godthaab. Tome II. Livraison 2. 

Cordoba, Academu Nacional de Ciencas. — Boletin, Tome XI. pt. 3. 

Cordoba, Oficina METE0ROL6aicA Argentina. — Ligeros apuntes Bobre el olima de la 
Rep(iblica Argentina. For G. G. Davis. 

Cracow, K. E. Sternwarte.— Meteorologisohe Beobachtungen, Oct. 1888 (o Oct 
1889. 

Croydon, Microscopical and Natural History Club. — Daily RAiwf^^ll in the Croydon 
District, Dec J 888 to Nov. 1889. 

DoRPAT, Observatorium. — Berioht iiber die Ergebnisse der Beobaohtungen an den 
Regenstationen, 1887. — Meteorologisohe Beobaohtungen, May to Deo. 1888. 

Dublin, General Register Office. — ^Annual Report of the RegiBtrar-General 
(Ireland), 1888.— Weekly Returns of Births and Deaths, Vol. XXV. No. 52 to VoL 
XXVI. No. 51. 

Dublin, Royal Dublin Society. ~ Scientific Proceedings, Vol. VI. Pts. 3-6. — 
Scientific Transactions, Vol. IV. Pts. 2-5. 

Dublin, Royal Irish Academy. —Proceedings. Third Series, Vol. 1, No. 1. — 
Transactions, Vol. XXIX. Pts. 3-11. 

Edinburgh, General Register Office. — Quarterly Returns of the Births, 
Deaths and Marriages registered in Scotland for the four quarters ending Sept. 30, 
1889. 

Edinburgh, Royal Scottish Geographical Society. — Soottish Geographical 
Magazin?, 1889. 

Edinburgh, Scottish Meteorological Society.— Journal, Third Series, Nos. 5 and 6. 

Falmouth, Royal Cornwall Polytechnic Society. — Report, 1888. 

FiuME, I. R. Accademia di Marini. — Meteorological Observations, Oct. 1888 to Oct. 
1889. 

Geneva, Observatory. — R^um6 M6t6orologique de Tann^e 1888 pour Gendve et le 
Grand Saint-Bcmard, par A. Eammermann. 

Gbheva, SocifeTfe DB Geographib.— Le Globe. Bulletin, Tome XXVIII. Nos. 1 and 2. 

Geneva, SociBTi: de Physique bt d'Histoire Naturbllb. — Limnimdtre Enregistrear 
Transportable. Observations a la Tour de Peilz prda Vevey. Par M. E. Sarasin. — 
P6n6tration de la lumi^re du jour dans les eaux dn lac de Gendve et dans oelles de la 
M6diterran6e. Par MM. H. Fol et E. Sarasin. — Recherches sur la transparence des 
eaux du Lac Leman, 1884-1886. — Sur la couleur de Teau. Par. J. L. Soret. 

Glasgow, Philosophical Society. — Proceedings. Vol. XX. 1888-9. 

Greenwich, Royal Observatory. — Report of the Astronomer Royal to the Board of 
Visitors, June 1889, 

Halle, E. Leopoldina-Carolinische Deutsche Akademie der Natubfobscheb.— 
Leopoldina, Vol. XXIV. 

Hamburg, Deutsche Seewarte.— Aus dem Archiv, 1885 to 1888.— Bericht fiber die 
Verhandlungen des intemationalen metcorologischen ComitSs ; Ziirioh 1888. — 
Deutsches meteorologlsches Jahrbuch fur 1887. —Deutsche ueberseeische meteorologiscfae 
Beobaditungen, Heft. H. — Ergebnisse der metcorologischen Beobaohtungen im 
S/steme der Deutschen Seewarte fUr die Lustren 1876-80 und 1881-5 sowie das 



REPORT OP THE COUNCIL. — ^APPENDIX V. 109 

Dezennium 1876-8.3.— Monatsbericht, Sept. 1888 to May 1889.— Yierteljahrs- Wetter, 
nmdschaa an der Hand der taglicben synoptischen Wotterkarten filr den Nord* 
Atlantisohen Ocean, Band I. Ho ft. 5 ; Band II. Heit. 1 and 2.— Wetterberioht, 1889. 

HoKO EoNO, Observatory. — Observations made in the year 188S. 

Eabubuhis, Cbntbalbubeau fHh Meteorolooie uno Htdbooraphie im Qboss- 
HERZOOTRUM Baden. — Die Ergebnisse der meteorologisohen Beobaohtnngen im Jahre 
1888. 

Eew, Observatory. ^Report of the Eew Committee for the year ending Oct. 31, 
1888. 

LiSBOM, Obsbbvatorio do Infante Don Luiz.^Annaes, Vols. XXUI.-XXIV. 1885-6. — 
Obserra^oeB doe Postos Meteorologioos, 1885. 

Lisbon, Sooiedadb de Qeoobaphioa.— Boletim, 7a Serie, No. 1 1 , to 8a Serie, No. 6. 

London, Bbitish Assocution. — Report 1888. 

London, Colonial Office. — Annual Report of the Director of the Boyal Alfred 
Observatory, Maoritias, 1887.— Meteorological Beport, Straits Settlements, 1888.— 
Observations made at the Hong Eong Observatory, 1888. — Beport on great storm of 
29th and 30th May 1889 at Hong Eong. 

London, General Beoisteb Office. — Annnal Summary of Births, Deaths, and 
causes of Death in London, and other great towns, 1888.— Quarterly B^tums of 
Marriages, Births, and Deaths for the four quarters ending Sept. 30, 1889. — Weekly 
Retums of Births and Deaths, Vol. XLIX. No. 62 to Vol. L. No. 51 . 

London, Geolooical Society.— Quarterly Journal, Nos. 177 to 180. 

London, India OnncE. — A Manual of Forestry, by W. Schlich, Vol. I. 

London, Institute of Chemistby of Great Britain and Ireland. — Register, 1889. 

London, Institution of Electrical Engineers. — Journal, Nos. 75 to 81. 

London, Junior ENoiNEERiNa Society. — Programme, List of Members, Bnles, and 
Beport of Eighth Session. 

London, Metbobologioal Office. — Daily Weather Beports, 1889. — Directions for 
adjusting and using the Sunshine Becorder. — Hourly Beading, 1886. — Meteorological 
Observations at stations of the Second Order for the year 18i85. — Quarterly Weather 
Report, 1879, Pt. 4, and 1880, Pt. 1.— Beport of the Meteorological Council to the Royal 
Society for the year ending March 31st, 1888.— Report of the fourth meeting of the 
International Meteorological Committee, Zurich, Sept. 1888. — ^Beport on Hygrometrio 
Methods. By W. N. Shaw.— Weekly Weather Beport, Vol. V. No. 51 to Vol. VI. No. 
50. — Annual Reports of the Colonial Museum and Laboratory, New Zealand, 1884-7. — 
Handbook of New Zealand. By Dr. J. Hector, F.R.S.— Monthly Tables of Bainfall in 
South Australia, 1887.— Rainfall in South Australia and the Northern Territory, 1888. 
— Beport of the Boyal Society of Tasmania, 1883. — Meteorological Observations taken 
at the Gk>vemment Lock Hospital, Victoria, Hong Kong, 1881-3. — Besults of Meteoro- 
logical Observations at the Anuradhapura Kachcheri (1880), Batticaloa (1881), Jaffna 
(1880), and Trinoomalee (1881) in Ceylon.— Return of Bainfall in Ceylon, 1885.— 
Resiilts of Meteorological Observations in Ceylon, 1885-9. — Barometric hypsometry and 
reduction of the barometer to sea level. By W. Ferrel.— Journal and I^oceedings of 
the Hamilton Association, Canada, Vol. 1, Part 2, 1884-5.— Meteorological Observations 
made at Southport, Oct. 27, 1888, to Mar. 29, 1889. -Meteorological Return for Trinidad, 
Jan. to Nov. 1888, and Jan. to Mar. 1889. — ^Bulletin quotidien de rAlg6rie, Deo. 1, 
1888, to Oct. 31, 1889.— Service Central M6t6orologiquo de I'Alg^rie ; Bulletin Mensuel, 
March 1888.— B6sum6 des travaux de Texp^dition Polaire Danoise Internationale. — 
Bar la qoatridme eampagne scientifique de *' I'Hirondelle." Par S. A. le Prince 
Albert de Monaco. — Sur I'emploi de masses pour des reohcrches zoologiques en eaux 
profondes. Par. S. A. le Prince Albert de Monaco.— Ergebnisse der Beobaohtnngen 
der meteorologischen Stationen des Grossherzogthums Baden, 1887. — Ombrometrische 
Beobaehtongen der vom bohmischen Forstvereine in den Forsten Bohmens in 
versehiedenen Seehohen und Expositionen errichteten Stationen, 1879-80. — Sur a a 
disposidf destine A 6olairer les eaux profondes. Par M. P. Regnard. — Verhandlungen 
der E. E. zoolo^^sch-botanischen Gesellschaft in Wien. Band X^XVHI. Pts. 1 and 2, 
1888.— Qemiddelde barometerstand en stormen rond Afrika's Zuidpunt.— Q6ographie 
physique de la Partie Equatoriale de Tocean Atlantique. Par. M. Toynbee. — Guide 
poor rusage des cartes des vents et des courants du Golfe do Guin6e. Par M. Do 
Brito CapeUo.— Jahrsberioht der Naturforschenden Gesellschaft in Emden, 1886-88. — 
Vents et oonrants routes g6n6rales extrait des ' Sailing Directions ' de Maury et des 
travaux les plus r6oents. Par M. C. Ploix. — Cartes des vents sur la oOte est de 
PAmdrique du Sud, de PAmazon & la Plata. — Maandelijksche zeilaanwijzingen van 
Java naar het Eanaal.— Zeilaanwijzengen van Java naar het Eanaal, Pts. I. and H.— 
Beizen van Australie naar Java. — Gemiddelde barometerstanden, op de rodte van de 
linie naar het Eanaal. — Algemeene windkaart Zamenges teld uit Amerikaansohe en 
Hollandflohe waamemingen.^Maurijs wind-kaart voor het Oostelijk gedeelte van den 
Moorder Atlantischen Oceaan. — Gemiddelde barometerstandken, op; der rodte van de 
Kaap de Goede Hoop naar de linie. — ^Atlaa behoorende bij de uitkomsten van 
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weteusohap en ervaring aasgaande do winden en zeestroomingen in sommige gedeelten 
van dcm occaan, 1863.— De wet der stormon getsetstaan latere waamemingen ale eene 
uitkomst Tan wetenschap en ervaring, aangande winden en seeBtroomingen in 
Bommige gedeelten van den oceaan, 1862.~Korte toelichtingen behoorende bij het 
Kompas-Joumaal. — Medcdeelingen uit de joumalen aangaande bijzondere meteoro- 
lojvische verschijnselen havens banken enz.---Onderzoekingen met den zeethermometcir, 
aid uitkomsten van wetenschap en ervaring aangande de winden en zeestroomingen in 
sonimige gedeelten van den oceaan, ISGl. — Toetsing eener methode, waar door ten 
alien tijdc do afwijking van hct kompas kan wordcn gevonden. Door Lieat. W.^ Van 
Hasselt. — Uitkomsten van wetenschap en ervaring aangaande winden en zeestroomingen 
in sommigo gedeelten van den oceaan. Fi?e Vols. 1856*9. — Verzameling van kaarten 
inbondende eene procentsgewijzo opgave omtrent storm, regen, donder en mist, 
grcotendeels gotrokkcn uit de jougsto waamemingen onzcr Nederlandsche Zeelieden, 
1SC2. 

London, Piiysicvl Society. — Proceedings, Vol. X. Pts. 1 and 2. 

London, Koyal Aoricultu u.Ui Socikty.— Journal, Second Series, Vol. XXV. 

London, Royal Asthonomic.vl Society. — Monthly Notices, Vol. XLIX. No. 2 to VoL 
L. No. ]. 

liONDON, Royal Botanic Society. — Quarterly Record, 1889. 

London, Royal Institution of Great Britain. — Proceedings, No. 82. 

London, Royal Society. — Proceedings, Nos. 272 to 283. 

liONDON, Sanitmiy Institute of Great Biutain. — Transactions, Vol. IX. 

London, Society of Arts. — .Journal, 1889. 

Maj>rid, Orrervatorio. — ObscrvocionoB Mctcorologicas, 1886-7. — Besomen do la 
obs(>rvacionc8 meteorologicas cfectuadas en la l^oninsula, 1884-5. 

Madrid, Sociedad GEOOBArmcA. — Boletin, Tomo XXV. No. 3 to Tomo XXVII. 
No. 3. 

Magdeburg, Wettebwabte der Magdeburoischen Zeitung. — Jabrbaoh der metooro- 
logischen Beobachtungen, 1888. 

Manchesteb, Litbbary and PniLosoFincAL Society. — Memoirs and Proceedings, 
Fourth Series, Vol. II. 

Manila, Obsebvatobio M£Teobol6gico. — Corvas Meteorogr&fioaa, July 1883 to Dee. 
1887. 

Marlborough, College Natural History Society.— Report for 1888. 

Mabseilles, Commission Mi:T£eBOLOGiQUE du DisPABTEMENT deb Boucheb-du-Bboiix. 
— Bulletin Annuel, 1887. 

Mauritius, Royal Alfred Obbebvatoby.— Annual Report of the Director, 1887. — 
Mauritius Meteorological Results, 1887 and 1888. 

Melbourne, Government Orservatoby. — Monthly Reccord of Results of Observations 
in Meteorology, Terrestrial Magnetism, &c., June 1888 to July 1889. 

Metz, Acad£:mie.— Observations m^t^rologiques faites & Mctz, 1885. 

Mexico, Obsebvatobio Artron6mico Nacional de Taoubaya. — Anuario, 1889. 

Mexico, Obsebvatobio Meteobologico Magni:tico Centbal. — Anales del Ministerio 
de Fomento de la Republica Mexicana. Tomo VIII. — Boletin Mensual, Tomo L No. 8 
to Tomo n. No. 1. — Rcs(imen comparative correspondiente & los afios de 1887-1888. 

Mexico, Sociedad Cientifxca '* Antonio Alzate." — Memorias, Tomo XL n6m. 10 and 
11. 

Michigan, State Board of Health. — Principal Meteorological Conditions in 
Michigan in 1887.— Proceedings and Addresses at a Sanitary Convention held at 
Hastings, Michigan, Dec. 1888. — Ditto at Ludington, Michigan, July 11 and 12, 1889. 
— Ditto at Otsego, May 2 and 8, and Tecumseh Juno 6 and 7, 1889. — Report of the 
Secretary for the year ending June 30, 1888. 

Milan, R. Ossebvatobia di Bbeba.— Confronti e verifioazioni d' azimnt assolnti in 
Milano con alcune notezie suUe antiche triangolazioni nei dintorni di questa citti. Di 
M. Rajna. — Osservazione Meteorologiche, 1888. — Sulla distribuzione apparente delle 
B telle viisibili ad occhio nudo di G. V. Schiaparelli. 

Moscow, Soci£:t£: lMPi:BiALE des Natubalistes. — ^Bulletin, 1888, No. 4 ; 1889, Nos. 
1 and 2. — ^Meteorologische Beobachtungen, July to Dec. 1888. 

Munich, E. B. Meteobologische- Centbal Station. — Beobachtungen der meteoio- 
logischen Stationen im Eon. Bayern, Jahrgang X. Heft 3 to Jahi|pang XI. Heft 2. — 
Temperaturmittel fur Siiddeutsehland. Von E. Singer. — Uebersioht uber die 
Witterungsverhaltnisse im Eon. Bayern, Deo. 1888 to Nov. 1889. 

Natal, Obsbbvatoby. — Report of the Superintendent, 1888. 

Neuchatel, Soci£t& Neuchateloise de G^iograthib. — ^Bulletin, Tome IV. 1888. 

Newuaven, Observatory of Yale Univebsity. — Report for 1888-9. 

New York, Academy of Sciences. — Transactions, Vol. VIII. Nos. I to 4. 

New York, Central Park OBSEBVATOBT.—Abstracts of Registers from Self-Reoording 
In-itruments, Dec. 1888 to Nov. 1889.— Annual Report, 1888. 

Oxfobd, Badcliffe Obsebvatoby.— Results of Meteorological Obeerrations, 1885. 
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Pabib, Bubeau Central Maituobolooique.— Bolletin iDtcrnatioual, 1889. 

Pabis, Obsebvatoire Municipal de Montaoubis. — Annoaire, 1889. 

Pabis, Soci&te M&T&OBOLOOIQUE DK FRANCE.— Annuairo, Sept. 1838 to Aug. 1889. — 
ObservatioDS M6t6orologiqae8 faites ^ Nijng.Tagoilsk (Monts Oural), 1852-3. 

Philadelphu, Akebican PHiLosopniCAL Society. — Prooeedings, Nos. 128 and 129. — 
Subject Register of papers published in the Transactions and Proceedings. 

PoLA, K. K. HYDRooRAPHiscnEa Amt.— Metcorologische and magnctische Beobach- 
tangen, Nov. 1888 to Oct. 1889. 

Pobt-au-Pbince, Obsebvatoire M^tAobologique. — Bulletin, Dec. 1888 to Nov. 1889. 
(MS.) 

P&iauE, KdNiOL. BoHM. Gesellbchaft deb Wissenscbaften.— Jahresbericht, 188o- 
88.— Sitzungsberiohte, 1885, 1887, and 1888. 

Pbague, K. K. Sternwarte. — Magnetische und meteorologische Beobaohtungcn, 
1888. 

Puxpla, Obsebvatobio Meteobol6oico del Coleoio del Estado. — Besumen Corres- 
pondiente a cada dia, Jan. to Oct. 1889.— liesumen de 11 auos de obsorvaciones 
meteorologicaB. 

Rio de Janeibo, Obsebvatoibe Imperial. — Revista do Obaervatorio, Deo. 1888 to 
Nov. 1889. 

Bomb, Um cio Centrale Meteorologico e Geodinamico Italiano. — ^Annali, Serie 
II. Vol. Vn. Pts. 1-4 and Vol. VIH. Pts. 1-3. 

Sam Fernando, Instttuto t Obsebvatobio de Mabina. — Anales, Seccion 2a, Obser- 
vaeiones MeteorologicaB, Ano 1887 and 1888. 

San Jos&, L«8tituto Meteobologico Nacional. — Boletin Trimestral, No. 4. 

Santiago, Oficina flxDBOGBAjncA de Chile. — Anuario Hidrografico, Aiio XIII. — 
Esploraoiones geo^praficas e hidrograficas de Jose de Moraleda i Montero. 

Stockholm, L'AcADtMiE Botale des Sciences de Su^ide. —Observations M6t6oro- 
logiques Suedoises, Vols. 22-26, 1880-4. 

Stonyhubst, College Obsebvatobt. — ^Besults of Meteorological and Magnetical 
Observations, 1888. 

St. Petbbsbubo, Physikalisches Centbal-Obsebvatorium. — Annalen, 1887, Part II. 

Sydney, Government Obsebvatoby. — Daily Weather Charts of Australia and New 
Zealand, April 1 to Oct. 81, 1889. — Results of Meteorological Observations made in 
New South Wales during 1886 and 1887. — Besults of Kain, Biver, and Evaporation 
Observations made in New South Wales during 1887 and 1888. 

Sydney, Royal Society of New South Wales.— Journal and Proceedings, Vol. XXII. 
Part 2. 

Tasmania, Boyal Society. — Papers and Proceedings, 1888. 

ToKio, Impebial Meteobological Obsebvatoby. — Annual Meteorological Beport, 
1886, Part 1, and 1887, Part 1. — Report of the Meteorological Observations in the 
Empire of Japan for the years 1883 to 1885. 

ToKio, Impebial Univebsity of Japan.— Calendar for the year 1888-89. 

Tobonto, Meteobological Office. — Monthly Weather Review, Aug. 1884, Aug. and 
Sept. 1887, and Oct. 1888 to Sept. 1889.— Report on the Meteorological Service of the 
Dominion of Canada, 1878 and 1879.»Toronto General Meteorological Register for the 
yean 1887 and 1888. 

Trieste, Obsebvatobio Mabittimo. — Bapporto Annuale, 1886. 

TucuMAN, Oficina Quimica. — Boletin, Tomo I. Entrega 6 to Tomo II. Entrega 2. 

Turin, SocietA Meteobologica Italiana. — Annuario Meteorolo^co Italiano, 1889 
and 1890. — Bollettino Mensuale pubblicato per cura dell* Osservatono Centrale del Real 
CoUegio Carlo Alberto in Moncalieri, Vol. VUI. No. 12 to Vol. IX. No. 11. 

Upbala, Obsebvatoibe M&TioBOLOoiQUE de l'Univeb8it&. — ^Bulletin Mensuel, 1888. 

Utbscbt, Koninsluk Nedeblandsh Meteobologisch Instituut. — Nederlandsch 
Meteorologisdi Jaarboek, 1879, Part II. and 1888.— Waamemlngen van Onweders in 
Nederland, 1888. 

Vienna, K. E. Centbalanstalt Ft}B Meteobologie und Ebdmagnetismub. — ^Beobach- 
tungen, Oct. 1888 to Sept. 1889.— Jahrbuch, 1887. 

Vienna, Oestebbeichische Gesellbchaft fOb Meteobologie. — Meteorologische 
ZeitBchrift, Deo. 1888 to Deo. 1889. 

Washinqton, Hydbogbaphic Office, U.S. Navy.— Pilot Chart of the North Atlantic 
Ocean, Jan. to Deo. 1887, and Dec. 1888 to Deo. 1889.— The Great Storm off the 
Atlantic Coast of the United States, Mar. 11-14. 1888. By E. Hayden. 

Washinqton, Signal Office.— Bibliography of Meteorology, Part I. Temperature.— 
List of Books and Articles on Climatology and Meteorology in the Library of the 
Surgeon-General's Office, U.S. Army. — Beport on the Proceedings of the United States 
Expedition to Lady Franklin Bay, Grinnell Land. By Lieut. A. W. Greely, Vols. I. 
andn. 

Wabhinoton, Smithsonian Institution. — Annual Report, 1886, Part 1. 

Watfosd, Hebttobdshibe Natural History Society. ~ Transactions, Vol. V. Pts. 4 
and 5. 
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Wellington Bboistbab Qenebal*s Office. — Statiitios ol the Colony of New 
Zealand, 1887. 

Wellinoton Colleoe, Natural Scienck Societt. — Annual Report, 1888. 

Zi-Ka-Wei, Obsebtatoibe Maqn&tique et MiT&OBOLOoiQUE. — ^Bulletin Mensnel, 1887 
and 1888. 

Zurich, Schweizebische Meteobologische Gentbal-Amstalt. — Azmalen, 1887. 



Presented by Individuals* 

Abebcbombt, Hon. B. — Seas and Skies in many latitudes. 

Andb&, C— Inflaenoe de 1' Altitude sur la Temp^ratur.— MSt^orologie LyonnatBe^ 

1883-7. 

Anobtboh, E. — Beitrage zur Eenntniss der Absorption der Warmestrahlen dutch 
Yerschiedenen Bebtandtheile der Atmosphare. — Beobachtungen Uber die Durchstrah- 
Inng von Warme verschiedener Wellenlange durch trilbe Medien. — Ein Wage lur 
BcBtimmung der starke magnetisoher Felder. — B6sum6 pr^liminaire d^une reoherehe 
exp6rimentfde sur Tabsorption de la chaleur rayonnante par les gaz atmoeph6riquefi.^ 
Snr une noavelle m6tbode de fairs des mesures absolues de la chaleur rayonnante ainsi 
qa'un instrument pour enresistrer la radiation solaire. 

Batrman, L. L.— Returns of the Haiufall in the Glasgow, Manchester, Aston, Dews- 
bury, Halifax, Blackburn, Stockport, Oldham, and Batley Waterworks Districts, 1888. 
Bayard, F. C. — Tables and diagrams illustrating the diurnal range of barometrie 
pressure in the British Isles. 

Bertodano, C. E. de. — ^Begistro del scrvioio mcteorologioo en Luzon y costa de 
China, Jan. to Dec. 1888. 

Binyon, J. B.— Rainfall, &c, at Blackrock, near Cork, Dec. 1888 to May, and July to 
Nov. 1889. (MS.) 

Brown, A.,andWbiteleoge, Dr. B. A. — Meteorological Observations at Nottingham, 
1888.— The Meteorology of Nottingham, 1867 to 1888. 
BusHELL, R. — Twenty-five years* rainfall in Wirral, North-west Cheshire. 
Cameron, Dr. J. S.^ Annual Report of the Medical Officer of Health f or Huddenfield, 
1888. 

Cantoni, Prof. O.— II lucimetro Bellani e 1' Eliografo Inglese.^Istmzicmi per V nso 
del Lucimetro Bellani. — Osservazinni Lucimctriche. 

Carlier, H. — Observatoire M6t6orologique de Saint-Martin de Hinx, France; 
Observations M6t^rologiques, 1885, 1886, and 1888. 

Cawley, R. — Meteorological Observations made at North wich, Cheshire, 1889. (MS.) 
Clark, J. E. — The Natural History Journal and School Reporter, 1889. 
CoLLAJX>N, Prof. D. — Sur la dur6e de T^dair. 

Cooke, B. — Meteorological Observations made at Detling, Eent, 1889. (MS.) 
Coxen, Mrs.— Meteorological Observations made at Bulimba, Queensland, July 1888 
to June 1889. 

Crova, Prof. A. — Mesnres de Tin tensity caJorifiqne des radiations solaires ft Moot- 
pellier pendant Tann^e 1876. — Mesure de IMntensitI calorifique des radiations solaires 
et de leur absorption par Tatmosph^re terrestre. — Notes sur les observations actinom6- 
triques faites pendant Pann6e 1887 ft I'observatoire de la commission m6t6orologiqne ft 
l'6cole nationale d*agriculture de Montpellier.— Observations faites ft MontpelUer avee 
I'aotinomdtre enregistreur. — Observations faites au sommet du Mont Ventooz sur 
rintensit6 calorifique de la radiation solaire. — Rapport sur les exp^ences faites ft 
MontpelUer pendant Tann^e 1881 par la commission des appareils sc^aires.— Snr la 
mesure de Tintensit^ oalorifiques et de la transmissibiUt^ des radiations solaires dans 
les observatoires m^t^orologiques. — Sur la tran8missibilit6 de la radiation solaire par 
Tatmosph^re terrestre. — Surle mode der6parition de la vapeur d*eau dims Tatmosph^e. 
—Sur Tcnregibtrement de Tintensit^ calonfique de la radiation solaire. 
Curtis, H. P. — ^Blizzards, Cyclones, and Tornadoes. By W. A. Eddy. 
Denza, Padre F.— I primi oultori italiani dell' aeronautica. — I terremoti di 
Novembre e di Dioembre 1887 in Italia. — La inclinazione magnetica a Torino e nei 
Dintomi. — Le Yalanghe degli inverni 1885 c 1888. 

Duncan, J. W. — Meteorological Observations taken at Yeovil, Jan. to Nov. 1889. 
(MS.) 
Dymond, E. E.— Pilot Charts of the North Atlantic Ocean, Jan.-Oot. 1888. 
EoAR, S. — Meteorological Observations taken at Wryde, Northamptonshire, 1889 
(MS.) 

EoESON, C. — Olimatological Charts of Australia, July and Aug. 1889.— Egeson's 
Weather System. — The daily area of rainfall in New South Wales, Jan. to Oct. 1889. — 
Weekly Rainfall Maps for New South Wales, May 1 to June 11, 1889. 

Ekholm, N.—- Sur la ohaleEr latente de vaporisation de Teaa et la ohaleor sp6cifiqae 
de I'eau liquide 
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Elliot, Db. Q. S.— M<}teorologioal ObservatioxiB made at Caterham, Surrey, 1889. 
(MS.) 

Faybe, C. A.--M6t6orographe. (MS.) 

Febbel, Db. W.>-A popular treatise on the winds. 

FiNEMAN, G. G. — Spegelnefoskopet och des anvandning vid molnobservatloner. 

Fox, H. C— Strathpefifer Spa. Its Climate and Waters. By Dr. F. Fox. 

Fox, W. L. — .Meteorological Tables for West Cornwall and the Soilly Islands, 1888. 

GT.RDHn.Ti, G. W. — ^Meteorological Obseryations made at High Harrogate, Yorkshire, 
July to Dec. 1889. (M3.) 

Gltde, £. E. — Abstract of Meteorological Observations at Babbacombe, Torqaay, 
during 1888.— Meteorological Summaries, Dec. 1888 to Out. 1889 ; made at Babba- 
combe, Torquay. — Seventh Report (second series) of the Committee on the Climate of 
Devon. 

Gbeenwood, W. N.— Eludonometric Tide Tables for the Lancashire Coast and 
Bristol Channel, 1890. 

Hall, M.— Jamaica Weather Beport, Oct. 1888 to Oct. 1889. 

Hallau, T. — Meteorological Report, Albert Park, Middlesborongh, April to Nov. 
1889. (MS.) 

Hambebg, Da. H. £. — De I'influence des fordts sur le climat de la Su5de. III. 
Humidity de Pair. 

IIamlyn, G. — Meteorological Observations made at Buokfastleigh, Devonshire, Jau. 
Feb. and Dec. 1889 . (MS.) 

Hann, Db. J. — Bericht iiber die Fortschritte der geographischen Meteorologie, 188G' 
8. — Elima von Cypem. — Meteorologische und magnetische Beobachtungen im Inucrn 
von Siid-Afrika. — Ueber die Luf tfeuchtigkeit als klimatischcr Factor. — Unterauchuugeu 
nber die tagliche Oscillation des Barometers.— Zor Meteorologie des Sonnblickgipfels. 

Hewitt, C. E. B.— Wiltshire Rainfall, Oct. 1888 to Oct. 1889. 

Hill, S. A. — On Temperature and Humidity Observations made at Allahabad at 
various heights above the ground. — The Tornadoes and Hailstorms of April and May 

1888, in the Doab and Rohilkhand. 

HoFTBBT, Db. H. H.— Intermittent Lightning Flashes. 

Hoffman, H. — Phanologische Beobachtungen, 188S.-^Ueber dea praktischen Worth 
phanologischer Beobachtungen. 

HopKiNSON, J. —Meteorological Observations at tbe Grange, St. Albans, 1887-8. — 
Beport on Phonological Phenomena observed in Hertfordshire, 1887-8. — Report on the 
Rainfall in Hertfordshire, 1887-B. 

How LETT, Rev. J. A. — Meteorological Observations taken at St. Michaors 
Hereford, Oct. to Deo. 1889. (MS.) 

HuNTEB, J.— Meteorological Observations at Belper, 1889. 

Jackson, W. E.— Meteorological Observations made at Erenkcuy, Constantiuoplc, 
Deo. 1888 to Aug. 1889. 

Jacob, G. — Untersuchungen iiber zweites, oder wiederholtes, BlUhen. 

Lancasteb, a.— Notes Biographiques sur J. C. Houzeau. — Le Climat de la Belgique 
en 1888. 

Laxeboes, p. — Origine et causes des volcans ot des tremblemonts do terre. 

Lbb, G. J.— Meteorological Observations made at Kimberley, South Africa, Nov. 
1888 to Nov. 1889. (MS.) 

Llotd, Db. H. J. — Meteorological Observations made at Barmouth, Merionethshire, 

1889. (MS.) 

LooMis (late), Pbof. E. — Contributions to Meteorology. Chapter HI. Revised 
Edition. 

LovEL, J. — Meteorological Observations made at Driffield, Yorkshire, 1889. (MS.) 

Mabbiott, W. — The Application of Photography to Meteorology. 

Mabston, C. F. — Meteorological Observations made at Sutton Coldfield, Warwickshire, 
1889. (MS.) 

Mabtbn, H. J.— Tables of Rainfall, Direction of Wind, Temperature, Height of 
Bivers, and Barometric Readings in the Severn Watershed, 1886-7. 

Mawlet, B.— Meteorological Observations taken at Berkhamsted, Dec. 27 1888, to 
Deo. 19, 1889.— The Rosarian's Year Book, 1889. 

McCbacken, Suboeon-Majob J. A. — Meteorological ObserFations, 1879-69, taken at 
Tanous places in India, and at Queenstown, Ireland, and Barbados. (MS.) 

McLandsbobouoh, J., AND Pbeston, a. E. — The Meteorology of Bradford for 1888. 

Mebbifielo, Db. J. — Meteorological Summary for 1888 at Plymouth. 

Monaco, Pbince A. de. — Sur les courants superficiels de TAtlantique Nord. 

MuBDAY, T. J.— Invention for obtaining accurate readings from indicators placed at 
a distance by the agency of electric currents. 

Obmebod, G. W.— Rainfall at Teignmouth, 1888. 

Page, Db. H. — Meteorological Observations made at Redditoh, 1888. (MS.) 

Pabxsb, Dn, M. G.— Lightning, 
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Peabbon, C. N.— Meteorological Observations made at Beading, Berkshire, 1889. 
(MS.) 

Peek, C. E. — Meteorological Observations at Bousdon Observatory, Devon, 1887-8. 

l*niLLiP8, B.— On Atmospheric Electricity. 

Prince, C. L.— The Summary of a Meteorological Journal kept at Crowborough, 
Sussex, 1888. 

Baoona. Prof. D. — Domenico Scintl. — Evaporazione Comparata. — Stndi solla 
oomparazione degli anemometri. — Yero Andamento Diurno della Temperatora. 

Bantard, a. C. — How long does a flash of lightning last ? — Tornadoes. 

BiQOENBACH, Db. A. — Bcsultate aus 112 jahrigen Gewitieraofseiohnungen in Basel. 

BoGEBB, W. H. — Meteorological Observations made at Eilmore, Co. Wexford, 1889. 
(MS.) 

BopEB, W. 0. — A list of the more remarkable earthquakes in Qreat Britain and 
Ireland during the Christian Era. By the late W. Boper. 

BussELL, H. C. — Astronomical and Meteorological Workers in New Soath Wales, 
1778 to 1860. — On a new self-recording thermometer. — President's Address at the first 
meeting of the Australasian Society for the advancement of science. — Proposed method 
of recording variations in the direction of the vertical.— The source of the underground 
wuier in the western districts. — The Storm of September 21st, 1888. — The thunder- 
storm of October 26th, 1888. 

Salle, Otto.— Das Wetter, 1889. 

Saussube, H. i>£. — Coup d'oeil sur THydrologie du Mexique. — Observations sur le 
bourdonnement C'lectrique des Montagues. 

Scott, B. H., F.B.S.— Nota suUe acque sotteranee della cittsl di Napolio. Dell F. 
Contarino.— Nota suUe registrazioni del pluviografo Bichard negli anm 1886 e 1887, 
doUa cittd di Napoli. Dell F. Contarino. 

Seeley and Co., Messbs.— The Ocean of Air. By Agnes Gibeme. 

Shabp, D. B.— The Great Flood in Essex on August 1st and 2nd, 1888. 

SuAw, Bev. G.— Meteorological Observations made at Farafangana, Madagascar, 
Nov. 1888 to March 1889. (MS.) 

Seinneb, W. B.— The Mining Annual for 1888. 

Slade, F.— Meteorological Observations taken at Beokford, Tewkesbmy, during 
1888. 

Spabks, F. J.— Meteorological Observations taken at Crewkeme, Somersetshire, 
1889. (MS.) 

Stokes, J.— Beport of the Medical Officer of Health for the Borough of Margate, 
1888. 

Stone, T. W. — Notes on Water Supply in new countries. 

Stoby, W. H. — Bcsults of Meteorological Observations at Marlborough, 1888. 

Symons, G. J., F.B.S.— Sunshine. — Symons's British Bainfall, 1888. — Symons's 
Monthly Meteorological Magazine, 1889. 

Taille, Mabquih de la. — Meteorological Observations made at Canterbury, Feb. 
1889. (MS.) 

Taylob, Dr. J. C— Grand Canary ; its climate and springs. 

Taylob and Fbancib, Messbs.— Taylor's Calendar of the Meetings of the Scientific 
Bodies of London for 1889-90. 

Teisbebeno d£ Bobt, L. —Etude sur la synth6se de la repartition des presaions k la 
surface du globe. 

The Editob. — American Meteorological Journal, Dec. 1888 to Dee. 1889. 

The Editob.— Ciel et Terre, 1889. 

The Editob.— Nature, 1889. 

The Editob. — Telegraphic Journal and Electrical Bevlew, 1889. 

The Editobs.- The Observatory, 1889. 

Tbipe, Db. J. W.— Nature's Hygiene. By C. T. Eingzett. — Beport on the Sanitary 
Condition of the Hackney District, 1886 and 1888. 

Tybeb, B.— Bainfall in the County of Gloucester, Dec. 1888 to Nov. 1889. — ^The 
Meteorology of Cheltenham during 1888. 

Vauoran, J. D. W.— Meteorological Observations taken at Suva, Fiji, July 1889. 

Walcott, Db. B. B.— Besults of Meteorological Observations in Barbadoes, 1847 -SH. 

Walkeb, T. — Meteorological Observations taken at Addington, Surrey, June to Dec. 
1889. (MS.) 

Wells, J. G.— Meteorological Observations made at Burton-on-Trent, Derbyshire. 
1889. (MS.) 

Whitakeb, W., F.B.S.— The Geology of the Fenland. By S. B. J. Skertohly, F.G.S. 
(Meteorological portions only^ 

Wild, De. H.— Normaler Gang und Storungen der erdmagnetisohen Declination.— 
Ucber Assmann's neue Methode zur Ermittlung der wahren Lufttemperatur. 

WoEiKOF, Pbof. A.— Der Einfluss einer Sclmeedocke auf Boden, Klima and Wetter. 

Wood, T. H.— Meteorological Observations made at Gwemyfed Park. Biocknock- 
shire, 1889. (M3.) ^ * 
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W08NE88ENSKU, A.— Ueber die Erdbeben in and am Wernyj im Jahro 1887 und ihro 
Beziehnng za meteorologisohen Vorgangen. 

YouNO, Pbop. C. a.- a Text Book of general Astronomy. 

ZmncicH, Paop. A. M.— Program kralj nauticke skole u Bakra, 1887-9. 



APPENDIX VL 
REPORTS OF OBSERVATORIES, &c. 

Thb Meteobolooigal Office. — Lieut.-Gen. R. Strachoy, R.E., C.S.I., F.R.S., 
Chairman of the Council ; Robert H. Scott, M.A., F.R.S., Secretary ; Nav.%Licut. 
C. W. Baillie, F.R.A.S., Marine Superintendent. 

Mabine Meteoeolooy. — Current Cluirts for all Oceans, — The extraction of 
data for these charts has made steady progress. All the information contained 
in the 7,800 logs in the office has been transferred to the charts, and the Rcmai'k 
Books of H.M. Ships are now under examination. Some 800 of these, covering 
about three years, have already been dealt with. 

Tlie Meteorology of the Red Sea, and also of Cape Guardafui, — The montldy 
charts for these two areas, closely adjacent to each other, are almost ready for the 
engraver. Those of the Red Sea only require the insertion of generahsed cm-rent 
arrows. Those for Cape Guardafui are as complete as the amount of information 
available will allow. 

Tlie Aden Cyclone Charts, — ^These are now complete and in the engraver's 
hands. They consist of daily charts for the period of six weeks, covering the 
duration of the storm and the conditions which preceded and succeeded it 
respectively. 

The Cyclone Track Charts of the South Indian Ocean, — These charts wore 
originally submitted by Dr. Meldrum to the British Association, and subsequently 
handed over b^ him to the Meteorological Coimcil, who directed tliat the 
information, originally in the form of yearly charts, should be rearranged in order 
to obtain monthly charts. This has been carried out, and the charts have gone 
to press. There are nine of them, the cyclones only appearing in ten months, 
and being so rare in June and July that the information for the two months is 
given on one chart. Dr. Meldrum's original yearly charts will also be reproduced. 

The Charts of Barometrical Pressure for all Oceans. — Two supplementary charts 
have been issued, one showing the mean barometrical pressure throughout the 
year, and the others indicating the extent of range of irregular fluctuations. Tlie 
information contained in this latter chart presents us with some featiu'es of 
considerable interest. 

The Meteorology of the South Sea, — The next region to be discussed by the office, 
and on which work a good conunencement has been made, is that lying between 
Long. 40^ and 180^ E, and to the Southward of Lat. 85*^. Tliis comprises the 
track firom the Cape of Good Hope to New Zealand. 

Weather Telegraphy. — No change of great importance has been made in tliis 
department. The Weekly Weat/ier Report has been further enlarged by the 
addition of monthly supplements, which have taken the place of the Montlily 
Weather Report. 

The Fishery Barometer Insjwction has been continued, and comparatively few 
stations remain unvisited. 

Land Meteorology of the British Isles. — The Quarterly Weather Report for 
1886 is in hand, and Part I. has appeared. The Hourly Readings for 1886 have 
been published. This latter volume will in future be materially altered, and instead 
of its containing the actual hourly measurements of the cmrves, &c,, the hourly 
means of the different elements for 5-day and monthly periods will bo printed. 
The wind will be given according to 4 components. 

The Harmonic Analysis of the barograms for the 12 years ending 1882 has 
been completed, and the work is now being checked. 

The volume of Observations from Stations of tJui Second Order for the year 
1885 has appeared. That for 1886 is in the press. It will not be so largo as its 
predecessors, as the munber of stations from which the returns arc publitihcd in 
detail has been reduced. 
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The printing of the Obaei^i'iitions frf/m the Ft^reign Stalionn of the Royal 
Engineers ami Army Medical Department has now been completed, and the work 
will be issued about Easter. It forms a thick volume of 260 pages. 

The observations from Sanchez^ Samann Bay^ St. Domingo, made by the late 
Dr. W. Reid, have now been printed, and the voltmae will shortly appear. 

Tlio tables for the Registrar General, Ireland, have been prepared m the office 
as usual.— 3/arc/i 28^//, 1890. 



Royal Observatory, Greenwich. — W. H. M. Christie, M.A., F.B.S., Astro- 
nomcr Royal ; Departmental Superintendent, William Ellis, F.B A.S. ; Assistant, 
AViUiam C. Nash. — The instruments, observations and records made, and methods 
of reduction employed, during the year 1889 have been the same as in recent 
years. 

The Thomson electrometer for indication of atmospheric electricity continued 
in an imsatisfactory state until the autiunn of the year 1889, when it was 
readjusted by Mr. White of Glasgow, and again brought into use in the month of 
October. The scale is now larger than in the origintd state of the instrument. 

In the spring of the year 1889 Mr. W. H. Dines very kindly tested our Robin- 
son anemometer as well as a smaller instrument formerly used, on his whirliiig 
mAchinc. These experiments showed that for high velocities the theoretical 
factor 8, used for converting the movement of the cups into wind velocity, is too 
largo for both instruments, and tliat the registered velocities are therefore too 
great, as lias been found for other similar instruments. 

T}ie publication of the volume for 1887 has been much delayed owing to the 
work incidental on the preptu'ation of the Ten year Catalogue of 4,059 Stars. At 
the end of the Magnetical and Meteorological ** Introduction " there wiD be 
fomid accoimts of experiments made on days of extreme heat, bearing on the 
question of the effect of radiation from the ground and surrounding objects 
on thermometers. There is (1) a table of readings of the dry bulb and wet bulb 
thermometers on the ordinary revolving stand, with the circular board fixed 
below the thermometers, alternately removed and attached; (2) a table of 
readings of the dry bulb and wet bulb thermometers in the Stevenson screen, 
with the door (which fronts the wliite building of the magnetic observatory) 
alternately open and shut, with corresponding readings of the dry bidb and wet 
bulb thernionieters on the revolving stand ; and (8) a table of readings of the dry 
bulb thermometer of t}ie new thermograph, with certain protecting radiation 
boards alternately removed and attached. These are followed by a table giving 
a comparison between results obtained from the old and new thermographs (bot£ 
for di^ bulb and wet bulb) on the days in the year 1886 when they were 
concurrently used, as well as a table giving, for the year 1886, June, to 1887, 
May, a comparison of the sunshine resists obtained by the old Campbell form of 
instnmient and the Campbell -Stokes modification of the same. 

The " Bedu^tion of Twenty YeartC Photosraphic Records of the Barometer and 
Dry Bulb and Wet Bulb Thermometers,'* piiblished in the year 1878, contained a 
reduction of the barometer records for the years 1864 to 1878, and of the 
thermometer records from 1849 to 1868. Commencing with the year 1877 results 
deduced from the hourly readings of the photographic records for barometer and 
thermometers have been printed regularly in the annual volumes of Qreemcich 
Observationm. In an appendix to the 1887 vohune tables are given supplying 
corresponding results for the years 1874 to 1876 for the barometer, and for the 
years 1869 to 1876 for the thermometers, so that the reduction of the Greenwich 
Meteorological photographic records is now complete to the present time, 
commencing with the year 1854 for the barometer, and with the year 1849 for 
the thermometers. — February 24//*, 1890. 



Royal Observatory, Edinburgh. — Ralph Copeland, Ph.D., F.RA.S., As- 
tronomer Royal for Scotland. 

During the year 1889 the Meteorological Record at this Observatory has been 
limited to a single daily reading at 1 p.m. of the barometer and sundry 
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thermometers, together with the usual notes of wind and weather, including 
rainfall. 

The four rock thermometers, with bulbs at various depths from 3 to 21 feet, 
have been read with all care every Monday as in former years. 

Monthly digests, based on the bi-diumal observations at eight principal towns 
in Scotland, and similar quarterly summaries derived from the records at all the 
fifty-five stations of the Scottish Meteorological Society, are drawn up at the 
Observatory and supplied to the Registrar-General for Scotland, by whom they 
are regularly published in the Monthly and Qiuirterly Returns of the Births, 
Deathf and Marriagea. These smnmaries are supplemented by comparisons with 
the weather of former years, as well as by notes on current meteorological 
phenomena of special interest. — January 11 th^ 1890. 



The Kew Obsebvatory of the Royal Society, Richmond, Surrey. — 
G. M. Whipple, B.Sc, F.R.A.S., Superintendent. 

The several self-recording instruments for the continuous registration 
respectivelv of atmospheric pressure, temperatiure, and himiidity, wind (direction 
and velocity), bright sunshine, and rain have been maintained in regular 
operation throughout the year. The standard eye observations for the control of 
the automatic records have been duly registered, together with the daily observa- 
tions in connection with the U.S. Signal Service synchronous system. 

The tabulations of the meteorological traces have been regularly made, 
and these, as well as copies of the eye observations, with notes of weather, cloud 
and sunshine, have been transmitted to the Meteorological Office. 

The readings of the old 100-inch area square rain gauge have been discontinued 
sinoe February, the new 8-inch Glaisher gauge being now regularly employed, as 
a check upon the indications of the Beckley self-recording instrument. 

The working standard barometer (Newman, 84) of the observatory, which has 
been in use continuously since the date of its erection about 1851, having become 
somewhat worn in its mechanism, was dismoimted, and the scale and fittings 
repaired by Messrs. Negretti and Zambra, without interfering with the tube and 
cistern, which were retained at the Observatory. On its return it was again put 
together and restored to its old place, and fresh comparisons made with the 
Welsh absolute standards. These showed that a slight shift had taken place in 
the position of the zero of the scale, and a new determination of the scaJe error 
was made and fresh corrections accordingly adopted. Diuring the period it was 
under repair the Royal Society's old standard barometer was used in the daily 
observations. 

The barograph and thermograph formerly at work at the Armagh Observatory 
have been put in thorough repair, and set up in the Verification House awaiting 
the instructions of the Meteorological Council as to their transmission to the now 
Observatory under erection at Fort William, Inverness, at the base of Ben Nevis. 

Tables of the monthly values of the rainfall and temperature have been 
regularly sent to the Meteorological Sub -Committee of the Croydon Microscopical 
and Natural History Club for publication in their Proceedinya, Detailed 
information of all thunderstorms observed in the neighboiu-hood during the year 
has been forwarded to the Royal Meteorological Society soon after their 
occurrence. 

The Electrograph has been in constant action throughout the year, and 
comparisons with the portable electrometer made in March, June, and September 
show the scale value to have remained unchanged. 

The Committee have \mdertaken at the request of the Meteorological Comicil 
to make observations with a pair of Violle's actinometers. These consist of two 
delicate mercurial thermometers encased, the one in a well-blackened hollow 
metal sphere, the other in the centre of a similar sphere thickly gilded and 
having a highly polished surface. Being suitably mounted, they are taken out on 
sunny days, placed side by side m tlic open air, and exposed to the solar rays, 
tmtil they attain the equihbrium temperature. 

As it was found that a much more suitable site was ofi'erod by the roof of the 
new building for the working of the cloud cameras, the pedestid was removed 
from the position it formerly occupied and set up on gratings placed on the new 
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roof, tlie necessary alterations bein;( effected in the electrical attacliments. 
Opportunity was taken at the same time of replacing, by new wire, about 80 
yards of the cable which had become damaged during the building operations. 
As, however, the question of the most convenient way of utilising the cloud 
pictures is still under consideration by the Meteorological Council, no photographs 
have been taken during the past year. 

With a view of examining into the acciu*acy of the graduations of small 
anemometers or air-meters very much employed in measuring draughts and air- 
currents in mine-shafts, galleries, and similar places, a whining apparatus was 
constructed and set up m the Optical Boom, by means of which a number 
of experiments were made with Lowne's air-meters kindly lent by Mr. Casella, 
the maker, which afforded satisfactory results. The examination of these air- 
meters is now included in the list of operations carried on by the Verification 
Department. 

The electrical anemograph, which was sent to Valencia in 1886 for erection on 
that island, was returned to Eew in a somewhat damaged condition after a 
lengthened trial in a very exposed situation. Certain defects in its construction 
which became evident diuring its stay there have now been corrected, and, after 
undergoing thorough repair, the instrument has been erected on a suitable staging 
on the roof of the Observatory, with the intention of submitting it to a comparison 
with the Beckley anemograph working at the same level about 14 feet due 
south of it. 

In the Verification Department more than 14,000 instruments belonging to one 
or other of the twenty-eight different classes have undergone examination, and 
in the rating branch of the Observatory 528 watches have been submitted to the 
specified test. 

A detailed list of all the operations carried on in the verification department, 
with the fees charged, &c. is in the press, and wiU shortly be issued in pamphlet 
form, price 8d. — January l^th, 1890. 



Radcliffe Observatory, Oxford. — E. J. Stone, M.A., F.R.S., Radclifie 
Observer. — The following is a report on the meteorological work in this 
Observatory for the year 1889 : — 

At the beginning of the year a change was made in the reckoning of the 
meteorological day. It had been usual in previous years to consider the day to 
nm from noon to noon, but the hourly records now begin with the midnight 
values and end with those at 11 p.m., except the rainfall and anemometrical 
records, which include the results from midnight to midnight. The thermometers 
in the Stevenson screen are read at 8 a.m., noon, and 8 p.m. for the 
Meteorological Office ; the solar radiation and terrestrial radiation thermometers 
are read at 8 p.m. ; the Negretti anemometer, the rainfall, and the thermometers 
on the Tower are read about a quarter-past twelve (0} h. p.m.) ; and the rainfall 
in the 22 ft. gauge is measured at half-past twelve. ' 

The instnunents are in good order and working satisfactorily ; readings of the 
standard instruments are ifrequently taken during the day, and sometimes through 
the night, to check the scale of the photographic sheets. 

The mean temperature of the air last year was 1°*0 below the average for the 
last 84 years ; the highest temperature was 79°'5 on July 30th, and me lowest 
was 19°*7 on January 6th and February 12th. There were 1,221 hours of bright 
simshine registered during the year. 

The eye-readings are reduced to the end of 1889. The Meteorological Results 
for 1886 are partly ready for press. 

Dr. Hivldane and Mr. M. S. Pembrey have made some interesting experiments, 
at the Observatory, on the moisture of the air, for a comparison with the results 
deduced firom the dry-bulb and wet-bulb thermometers. 

A meeting of the Midland Natiu-al History Societies was held at Oxford on 
September ^rd and 24th, and a considerable number of the members visited the 
Observatory, which was opened to them in the afternoon of the 24th. — March 
TS^mly 1890! 
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Cambridoe Observatory. — Prof. J. C. AJiuus, F.R.S.— The uietcorological 
work at this Observatory has been carried on by Mr. H. Todd in the same 
manner as in former years. Daily telegrams and monthly reports are sent to the 
Meteorological Office. 

No change has been made in the instruments, but the anemometer has been 
recording very badly, and a new one is about to be erected. — January lUh, 1890. 



Observations on the Motion of Dust, as illustrative of the Circulation of 
the Atmosphere, and of the development of certain Cloud Forms. 

By Hon. RALPH ABERCROMBY, F.R.Mct.Soc. 



[Received August 21st, 1889— Read February 19th, 1890.] 

The following observations have boon made during many years past, with the 
exception of those on Whirlwinds, which were taken on various deserts on 
the west coast of Soath America, mostly in 1889, on the Tamarugal Pampa 
and on the desert of Atacama. The great value of the latter observations 
seems to be derived from the fact that in those dry districts wo can note the 
forms in which grains of sand or dust of different weights and sizes arrange 
themselves when disturbed by air blowing in different kinds of ways ; and 
thence deduce conclusions as to how large or small drops of water, or fine 
snowflakes, or coarse stones of hail, can be built up into certain cloud forms 
under the influence of gusts, or showers, or squalls of various types. 

On any windy day we can see sand or leaves drawn out into streaks along 
the ground, and on any plain we can also see loose sand or dry snow 
formed into waves, whose troughs and crests are perpendicular to the 
direction of the wind. I have not succeeded in my endeavours to 
determine the conditions under which wind draws dust into Hues 
parallel to itself, or builds the sand into billows at right angles 
to its own direction; but wo see at once a striking analogy to 
two great types of cloud structure — the hairy or fibrous cirrm structure, 
whose filaments usually move in the direction of their length, and the fieecy 
cirro-cumulus structure, in which the cloud-bars frequently move at right 
angles to their length. The structure of cirro- cumulus can be reproduced 
with marvellous accuracy by giving a gentle oscillatory motion to a cylin- 
drical bucket of water, on the bottom of which a little fine sand of suitable 
eizo has been sprinkled. The particles gather themselves up into a series of 
fleecy bars at right angles to tho direction of oscillation, which exactly re- 
produce the appearance of fleecy clouds. Such conditions of oscillation can- 
not of course exist in nature ; but tho experiment shows by analogy that 
fleecy structure can be derived from tho action of a current on a stratum of 
solid detached particles. When a fluid rubs against a flat solid surface, or 
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ogniost a flat snrfaco of a fluid difl^ereat from itself, friction sets up % aeri 
of friction rollorB, as it were, or vorticee with horizontal axes, which g»tti 
the sand or snow into linea parallel to themBelves. 

Under certain conditions wind does not blow a Bandy plain into atn^ 
waves of sand, bnt into crescent- shaped heaps of a very singular chantci 
which are called in Pern med3n6*, or sand heaps. The general appearu 
of these will best ho explained by glancingat Fig. 1, which was sketebedfri 
nature on the Fampa de Joya, below Arequipa, in Pern. The crescrait if 
to 20 feet high in the centre, and tapers down to notliiiig at the points <tf i 




liorns. Tlio convex siilu of the whole faces the prevailing wind and prcse 
a low niiglc of slope, while the inner surface of the crescent is as steep as 
sand will Ho. The onter surface also, which faces the wind, is transvcrs 
furrowed into waves, as shown by wavy linos on the flguro, so that there 
horo a structure on a structore, exactly analogous to what is often seen 
cloud forma. The distance front the point of one horn to that of the of 
will vary perhaps from 20 to 80 feot or more, and the whole advances sloi 
before the wind, horns first. These virdiinos ore developed in great peri 
tion on the Pampa de Joya, where a whole plain, 80 miles across, is cove 
by these crescents of sand. I never saw a trace of this structure anywfa 
on the Tamarugol Pompa, above Iquique, or on the Atacama Desert, thoi 
the soil in both the latter districts is sufficiently light to be raised into wh 
winds of dust ; hut I think that the reason is to bo found in the character 
the sand. The surface of the Pampa de Joya is covered with a sharp, lo 
volcanic sand mixed with but little dust ; while the soil of the other Pam' 
is more earthy and dusty, besides being more or less compacted wiUi ss 
BO that the diflcrcncc in the form and structure of the wind-drifts must be i 
to difference in the matter to be drifted. 

On very rare occasions clouds of the cirro-cumulus type take a somow 
crcscent-shapod form, as in certain examples of what are called " macki 
scales," and the ancient Norwegians hnd n cloud called Nagflfar, which ' 
supposed to be made up of parings of nails. I have no observations on 
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lie of these creseents relative to the motion of the cloud in which they are, 
bat still I venture to put forward the suggestion that a stratum of cloud, com- 
posed of more or less crescent-shaped nubecules, may be formed by the 
action of wind on a floating layer of snow of some particular size or weight 
of flake. 

We now come to a totally different type of air motion, in which dust is 
raised spirally, by a whirl round a more or less vertical axis. Those which 
I observed on the Atacama Desert were all of one type, in which the most 
violent whirl was on the surface, from which the dust seemed to be projected 
upwards either like a cloud or as a thin column, but this upper mass seemed 
to have very little rotation. The appearance at a distance was more like 
the smoke rising and diffusing into a thick mass above a small Are ; rather 
than like the cylinders of whirling dust which have often been figured. 
Fig. 2 (A) represents the general impression of one of these whirlwinds, 
though the top of the sketch exaggerates the amount of rotation in the 
upper part of the whirl. 

In another common variety, a small, intense whirl on the surface, seemed 
to puff a thin narrow column of dust high into the air, with very little 
appearance of rotation : see Fig. 2 (B)« ; 




FiC 2 TYPICAL DV5' WHlfa^ TAlAAf{UCAL PaMPA. 

I was unable to determine whether the direction of rotation was always 
the same ; but while endeavouring to make out the cycle of the whole circu- 
latory system, I could sometimes see dust being thrown out, and falling 
downwards as in Fig. 2 (D). On the whole I think I must have observed 
nearly 100 whirlwinds, and in every case the central motion was upwards ; 
but I should mention that I was informed that there was a district in Chili, 
somewhere between Atacama and Copiapo, — ^which I did not visit, — where 
the whirlwinds were descending. Whether this meant that the vortex 
of the whirl was really sucking downwards ; or whether the idea was that 
the upward whirl commenced some distance from the ground and was 
then propagated downwards, I could not ascertain. 

What I wish specially to remark is, that the whirls I saw on the Atacama 
Desert, starting from the surface, are not identical with the upward drawing 
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whirlwinds, which begi,) some height Kbore the gronitd, and are proiwgatod 
downwards. These latter are the variety of whirl whioh genantoB tornBdoes 
and waterBixiute : but which kind preaents the greatest analogy to oyolooea 
I cannot say. 

Ab to whirlwinds with descending central rorticea, tboagh I have nerer 
seen ono, I am by no means prepared to deny their exlstanoe, for many 
excellent observers have described such eddies. 

For instance Mr, S. Elson, Pilot, of Calcutta, has not only deaeribed 
simple dast whirls near the ground of a deaconding type, but alflo a water- 
spout hanging from a cloud 600 or 600 feet above the eartli. To him it 
seemed as if there was an upward whirl outside the black fnnnel of the 
spout, and simultaneously an inside down rush. [Sss Calet^ta EngUdmum, 
Beptember 13th, 1886.] If the apoat and the dark cloud were represented 
by a sleeve banging down irom a Jacket, the lining of the sleeve would be the 
downward current, and the outside cloth of the sleeve the violent aprosh. 

Dr. Vottin's oiporiments on smoke explain the meohanism of such an 
apparently contradictory circulatory system. If a column of air riasE in a 
stationary medium, the fluid rushes in straight, or radially, to the centre, 
rises there and flows outwards radially above. But if a rotation is inqwsad 
on the system, the rarificaUon of the central core seems to iocreaee so mneh 
that air is sucked gently downwards from a stratum above the level of the 
upper outward current, or above the level of disturbance. The descending 
current seems to turn up sharply near the ground and join the upward outer 
current. The influence of rotation also turns both the ingoing and outgoing 
radial currents into spirally ingoing and outgoing streams respectivdy. 

There is a very simple form of lur motion which raises dust without any 
whirling. Any strong, straight blast of wind- will raise a cloud of dust like 
that in Fig. 8, and the origin of the upward motion is very simple. If 
while a large body of air is in motion a thread of that air happens to move 




quicker than the adjoining portions, the gust so prodttoed will catoh up the 
air in front of itself, and, being pushed on from behind, will be forced to rise 
and carry somo dust up with itself. If the air were laden with vapour instead 
of with dust, a cloud might be produced by condensation over the gust ; and 
this I take to bo the explanation of the simple cumulus cloud, without any 
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eirrification or any complex ovorlyiug etratuni, which charactorisetj tho plain 
squall, tmaccompanied b; any ehifting of tho wind. It also oiplaiua what 
haa ItMig seemed puzzling, hov cnmnluB- topped aqnallB could be formed with a 
North-west wind in rear of a cyclone, where the general body of air ia 
probably slightly descending ; for with the above conception there is no diffi- 
culty in the idea of the air rising locally over strong puffs of wind. 

Between the simple rising gnat and the whirlwind there seem to be various 
transitional types of air motion, and one which I was enabled to observe re- 
produces in an extraordinary manner some of the complex features of oload 
building over certain kinds of showers or squalls. The dust-cloud represented 
in Fig. 4 was sketched on tho Tamarugol Pompa, and though but a most im- 
perfect delineation of the real thing, hUU reproduces the important features. A 
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dark base projects somewhat forward at B ; above the mass again spreads out- 
wards at F, but here the dust, instead of being either shapeless or of a 
rounded fbrm, has a distinct tendency to bo drawn into threads. The rear of 
the mass C is confused and rounded, and diffuses more gradually into the 
surrounding air than the front of tho dust-cloud. The whole of the lower 
part of the mass was soothing irregularly rather than appearing subject to any 
definite or distinct rotation, and sometimes a more pronounced rounded- 
topped column of dust would rise up angrily from tho general mass for a few 
seconds, as at W. 

Now compare this with some of the features of cloud -building over certain 
kinds of showers. In Figs. 6 and C are reproduced two diagrams of rain- 
clouds observed by myself on Lake Titicaca, in Peru, Premising that, on a 
large scale and with damp air, rain would be precipitated from such an atmo- 
spheric uptake as that represented in Fig. 4, the cumuliform lines of clond C 
in Figs. 6 and 6 are analogous to the rounded dust forms (Fig. 4 B) ; while 
the white cirrifying cloud layers (W) in figs. 6 and 6 are represented by tho 
thin hairy-like dust m Fig. 4 (P). It should bo remarked that the clouds in 
6 and 6 are viewed facing the direction of motion, while the dust- whirl (Fig, 4) 
is seen acroHs the line of motion. An observer at A (Fig. 4) would see thin 
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fibrotiB dnat (P) above a heavy -rolled mass of dost (B), jost as in Figs. 5 and 
6 I saw a white cimfying docd (W) above tho dark cnmiilifonn masa (0). 

All the observationB point to the following view of the origin of squalls — 
that when the air from general eaoses is in more or leas rapid motion, BnutU 
eddies of various kinds develop, whieh oonstitate the difibr^t scvt of gnatfl, 
showers, sqnaUs or whirlwinds. 




I Bbonld like to notice a fact connected with the fonnation of dust v 
of all kinds, which was brongbt very forcibly to my notice in many loc&Utdes. 
WhirUriiiili tierer /omied tilt the nfietiwon wind iprany up. All the intense 
insolation of the morning snn — I have recorded the temperatnro of the sand 
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at 180^ — 4id not generate whirlwinds so long as the air was calm ; and on 
any day the number of whirlwinds was about in proportion to the strength 
of the wind. I think this is very important in view of the numerous theories 
of whirlwinds, tornadoes and cyclones which have been propounded to explain 
these phenomena by reference to the rise of heated currents simply, without 
any reference to the general motion of the surrounding medium. The most 
intense heating, without sufficient wind, never gives rise to more than an 
intense rippling motion of the air, through which objects look wavy and 
indistinct, and never of itself induces whirlwinds. 

The results of this paper may be summarised as follows : — 

Wind sometimes blows dust into skeaks or lines, which are analogous to 
fibrous or hairy cirrus clouds ; sometimes into transverse ridges and furrows, 
like solid waves, which are analogous^to certain kinds of fleecy cirro-cumulus 
dond ; sometimes into crescent-shaped heaps with their convex side to the 
wind, which are perhaps analogous to a rare cloud form called ** mackerel 
scales ;" sometimes into whirlwinds, of at least two, if not of three varieties, 
all of which present some analogies to atmospheric cyclones; sometimes 
into simple rising clouds, without any rotation, which are analogous to 
simple cumulus-topped squalls ; and sometimes into forms intermediate 
between the whirlwind and the simple rising cloud, some of which reproduce in 
a remarkable manner the combination of rounded, flat, and hairy clouds 
that are built up over certain types of squalls and showers. 

It is specially noted that excessive heating of the soil alone does not 
generate whirlwinds ; but that they require a certain amount of wind from 
other causes to be moving at the time. 

The general conclusion is, that when the air is in more or less rapid motion 
from cyclonic or other causes, small eddies of various kinds form themselves, 
and that they develop the different sorts of gusts, showers, squalls and 
whirlwinds. 



DISCUSSION. 

Mr. Blanfobd said that he did not quite follow Mr. Abercomby's analogy 
between the formation of sand-hills and of cumulus clouds. Fig. 1 represented 
very weU what he had frequently seen on the sandy * churs ' of the Ganges (the 
dry flats in the bed of the nver in the dry season), but there the dust was carried 
much higher than was shown in the illustrations, sometimes attaining an 
elevation of 500 or 600 feet. Mr. Abercromby had stated that "whirlwinds 
never formed till the afternoon wind sprang up.'* He did not question the 
accuracy of this statement, but as expressed it seemed to imply some confdsion of 
cause and effect. Nothing was more common in India than to see small sand- 
whirls formed when the air was perfectly calm in hot weather. But where they 
are numerous, this indicates that convection was beginning to be active, and the 
ascension of air must be attended with an indraught of air from elsewhere to 
take the place of that which had ascended. He rather thought that the surface 
wind was the effect of the upward movement, and that the convection air-whirls 
and the surface breeze are merely two parts of the same general movement. 

Caj^t. Macleab observed that the formation of shoals by currents of water 
carnrmg sand, as at river mouths, &c., resembled the mSdSnos, or crescent-shaped 
sand-hiUs, formed on tiie South American plains ; the definition of the horns 
depending on the shorter duration of slads water, during which the deposit 19 
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gToator and more generally diflpersed. As regarded the formation of enmtiluB 
cloud he remarked that ho had seen this form of cloud produced over the dust 
and smoke from an Australian bush fire. Ho did not agree with the author of 
the paper that dust- whirls were never fonned without wind, as ho had often 
witnessed small dust whirls in the Austrahan bush when the air was perfectly 
calm. They usually formed quite suddenly on very hot days, and were erf 
Bufiicient strength to carry hats and light articles up with them. It was, of 
course, possible that air currents existed higher in the atmosphere, bat there was 
certainly no wind at the ground level. 

Mr. HuTCHiNs said that in Cape Colony he had seen dust- whirls formed in 
quife calm weather. These whirls occurred sometimes before noon, though 
more usually in the afternoon. Another point he had noticed, too, was that we 
motion of the particles of dust in the whirls was similar to the normal rotation of 
the wind in the Southern Hemisphere, i,e, clockwise and upwards. 

Mr. Lawson said, that in the sand-hills bordering Algoa Bay, at the Cape of 
Good Hope, there are considerable spaces where sand waves, with a gradual rise 
on the weather side of the crest and an abrupt fall beyond it, are caused by the 
prevaihnf? winds at certain seasons. These crests are pretty straight, and 
frequently as much as half a milo in length, and there are a number of them 
following in succession ; the sand is carried by the wind along the gradual rise to 
the crest, where it falls into the vacant space in front, filling it up and advancing 
the edge of the wave. A corresponding mode of transport may be observed in 
any ordinary ditch, in which there is a small stream of water over a sandy 
bottom. Begarding the time of occurrence of whirlwinds, he said he had seen 
one over the sea at Dover at 9 o^olock in the morning. In 1841, in passing 
tlurough the North-east Trade to Barbadoes, he had often watched the oommenoe- 
mcnt and increase of cumuli, but was unable to account for the peonliar rounded 
form they assumed until he witnessed the following occurrence. At Barbadoes 
he was placed in quarantine, in a small vessel, with some cases of measles ; 
while there a soldier washed his belt in a bucket of fresh water, this, with a 
quantity of pipe-clay suspended in it rendering it quite opaque, he emptied over 
the side, the sea bemg perfectly smooth at the time ; the pipe-day water did not 
mix with the salt w^ater for some time, but gradually subsided, pushing the salt 
water aside, and presenting the same rounded forms of surface which eharacterise 
the cumulus. Here the displacement of one fluid at rest by another took place 
downwards from the surface ; in the caso of the cloud the addition of vapour 
from below causes it to expand upwards, but the appearances, cansed by its 
displacing the dry air around it, are manifestly to be explained in the same 
manner. 

Dr. Tripe drew attention to a sentence in which Mr. Abercromby said, " Wind 
sometimes blows dust into streaks or lines, which ore analogous to fibrous or 
hairy cirrus clouds,*' and said ho considered that there were two forms of hairy 
cirrus clouds, one only of which — ^the low form — ^was analogous to the lines of 
dust. The other form, high up in the atmosphere, does not appear to be produced 
in any way similarly to the lower form. He thought it destrable that tins 
distinction should be made. 

Dr. Mabcet remarked that the formation of ripple-marks on a sandy beaoh at 
right angles to the direction of the wind was exactly similar to the ripples seen 
on the sur&ce of a sea or a lake. The formation of ripple-marks by tne deposit 
of particles suspended in water, subjected to a circular movement, and the 
occmrence of similar striae on a viscous surface covered with water made to 
rotate, had been carefully investigated by M. Casimir de Candolle, who had 
suggested that cirrus clouds might be formed in a similar manner. Dr. Maroet 
had seen similar ripple -marks on the ice covering the summit of Mont Blanc. 
Ho then referred to a remarkable phenomenon described by Prof. Colladon, of 
Geneva, one of the Honorary Members of the Society, consisting in the upward 
motion of water particles on the outside of high waterfalls. 

Mr. Harries wrote giving a reference to Professor Darwin's p^er " On the 
Formation of Ripple-mark " in tho Proceedings of the Royal Society, Vol. XXXVI. 
(1888) as bearing in many points on the subject dealt with by ifi". Abercromby. 
The paper is illustrated by a large number of diagrams, and the works of 
Mr. Hunt, MM, de Candolle, Forel, and others, in the same direotion, are 
alluded to. 
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CLOUD NOMENCLATURE. 

By Capt. DAYH) WILSON-BARKER, R.N.R., F.R.Met.Soc., F.R.G.S. 



[Beeeiyed December 9th, 1889.— Bead February 19th, 1890.] 

Is the pOj^T on '^Clond Observing," which I had the honour of reading 
befinre the Society in 1885,^ I put forward a dual form of cloud nomenclature 
as a simple basis on which to found a more elaborate and scientific cloud 
system ; and in fact any cloud classifier must recognise this basis. 

In this paper I hope further to elaborate and explain my scheme with the 
aid of photographs.' No one will deny the necessity there is for more cloud 
obBenrem, and that the observations should be followed on a more systematic 
plan than that now pursued. There are several cloud classifications put 
forward for adoption, some using one form, some another, to the total 
destruction of the value of cloud observation records in future years. In the 
majority of cases too much attention is paid to the particular form or shape 
of a doud, and not enough to its physical structure and formation ; as in 
former years too much attention was paid to the outward forms of animals, for 
instance a whale was called a fish because it was shaped like one and swam 
in the sea, etc. In reconsidering the nomenclature, we must consider not 
only the outward appearance, but more particularly the formation of clouds. 

I by no means wish to say that my plan is the best for getting at what we 
want, but only place it before the Society as a contribution to the subject, 
having been a dose observer of cloud and general weather phenomena in 
almost every part of the Ocean World during the last eleven years, under all 
possible conditions of weather and during all times of the day and night. 
I qnite reoognise the difficulty that attaches to any classification, particularly 
when one comes to deal with what may seem intermediate forms (but this is 
a common difficulty elsewhere, and we adopt a classification for simplicity), 
and for obvious reasons it is not only more convenient but almost absolutely 
neoeesary that we should have a basis to work on. 

Yi^Kmr rising in the atmosphere, on condensing, tends to become visible in 
two ways, either in a globular or heapy form, or in layers or sheets. The 
former are cumulus (heap clouds), and the latter stratus (sheet clouds) ; all 
donds will belong to either one form or the other, or will be transitory, and 
these latter we may refer to a sub-type. 

It may be as well in the first place to define a cloud, ** as vapour which 
has risen or descended in the atmosphere from a position having a 
temperatore or density greater than the portion of the atmosphere it rises or 
deseends to, which is then unable to retain it in its invisible form, and 

^ QmrUriy Jomtml, Vol. XI. p. 119. 

s Ihe paper was illnstrated by a number of lantern photographs, explaining tho 
Author's proposed division of Cloud f onus. 
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according to the physical state bf the place it is attracted to, so will be the 
form it will assume on becoming condensed/' 

According to Mr. Aitkon* no cloud can bo formed unless there is a nadem 
on which the vapour can condense, and so become visible. Then how are 
clouds formed at sea? is it possible that there can be dust over the ocean 
regions ? I doubt it, unless in exceptional cases, and even then it seems 
difficult to imagine that clouds could assume all their varied i^apes if they 
depended upon dust particles to make them become visible. ProfeasOT 
Tyndall aptly calls the minute particles of water vapour, which constitute a 
cloud, " water-dust." The well-known experiment of Tyndall's, whereby a 
brilliant cloud may be produced in a tube exhausted of its air by allowing 
humid air to enter suddenly, would certainly seem to disprove the dost- 
forming theory. 

Before proceeding further it may not bo out of place to give, in a few 
words, a history of cloud-nomenclature. Lamarck first in 1801 classified 
clouds, then in 1808 Luke Howard gave them seven names, viz., cirrus, 
cirro-eu7nuIus, and cirro-stratus for high clouds, oumuhis, cumtUo'Straius, 
stratuSf and ninihus for low clouds. This nomenclature is that practically 
used at present, and I have adopted it in describing my photographs ; but 
however excellent it may have been at the time proposed, it does not come 
up to our present knowledge, and it is, therefore, desirable that steps should 
be taken to make some change in this matter. 

Of all workers in this direction none have done more than the Bev. W. 
Clement Ley, and all cloud observers look forward to a monograph on this 
subject from him. This scientific division of the upper clouds is well known, 
but I think beginners would have some difficulty in learning the different 
forms unless first prepared in some way for it ; the simple division here 
proposed would meet this difficulty. Besides Clement Ley, the Hon. Ralph 
Abercromby has proposed a system' embracing ten varieties, and nine sub- 
varieties ; these are more or less modifications of Luke Howard's forms. 
Other well-known workers in this field are Poey, Loomis, A. Miihry, Fitz- 
Boy, Mohn, Hildebrandsson, Weilbach, and others. Pogy has treated the 
clouds more fully than anyone since Luke Howard, and his book is well 
illustrated, though the pictures are sometimes rather fanciful and shaky in 
perspective. The great fault in all proposed classifications is that they do 
not meet either requirement, they are not simple enough for beginners, or 
complete enough — ^with the exception of Mr. Ley's — for skilled observers. 

Cumulus may be defined as the cloud of the lower atmosphere, for although 
its tops reach great altitudes, yet its first appearance is in the lower regions of 
the atmosphere ; it is also the variety of cloud which is chiefly formed in the 
rear of cyclonic disturbances, and may generally be considered to denote a 
state of disturbance — local or general — in the atmosphere. Frequently on 
the top of cumulus, increasing in size, and indicating considerable local 



^ Transactiom Roy, Soe. Edinburgh^ Vol. XXY., and elsewhere. 
* WsatkiTt by Hon. Balph Aberoromby, p. 119, 
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difliorbanoe, will be formed little *< cloud caps.'* It sbould be observed 
throogh all these photographs — though appearing under so many different 
forms and in places differing widely in geographical position — ^that they have 
yet a certain definite likeness to one another, and an observer could be quite 
safe in describing any one of them as a cumulus. 

Stratus may be defined as the cloud chiefly of the middle and upper atmo- 
sphere; for although it frequently forms in the lower regions, yet it is much 
more common in the upper and middle parts. It is the cloud of fine settled 
weather, and also of the front portion of cyclonic disturbances. In the 
former case it appears either in broken patches, or else spreading all over 
the sky like a cloak, and having the appearance all round of being in lines 
parallel to the horizon. The sun shining through rifts in this cloud pro- 
duces the well-known appearance called the " sun drawing water." As we 
get higher in the atmosphere it forms cirro-cumulus clouds, which clouds have 
an enormous range in altitude, appearing in the highest regions as the cirro- 
gramtm of Ley, and in the middle as the well-known mackerel sky ; near 
the horizon it appears in the form of a thin sheet or layer. 

Besides these I should like to call attention to a form of this cloud which I 
can only liken to the scales of a cycloidian fish in shape, and has a very thin 
texture ; this cloud I have met with everywhere, and it invariably precedes 
or accompanies rainy weather; its motion is always very slow. I have 
never succeeded in getting a good photograph of it. All the forms of 
cirro-cumulus are really stratiform clouds. A very high stratus commonly ac- 
companies very unsettled weather ; it appears to consist of portions of cumulus 
(squall) cloud which are torn off and scattered all over the sky, often rising 
to great altitudes and forming delicate coronte. It is most common on the 
fringes of squalls and showers, and during locally unsettled weather. It is 
a beautiful cloud, assuming the most wonderful and fantastic shapes, some- 
times appearing in long strings and hanks, at other times like a lot of 
feathers, and again in wavelets. 

Still higher in the atmosphere we come to the cirrus clouds, which are 
composed of minute ice crystals. With the true cirrus we include the cirro- 
stratus ; but with this difference, that, while cirrus appears to be formed 
chiefly by ascending currents, the latter cloud will first appear as a cirrus 
and then slowly degrade into a cirro-stratus, later on into nimbus. Fig. 2 
represents a vertical section of this cloud in the fore part of a cyclonic dis- 
turbance, where at A the cirro-stratus appears in lines ; between A and B it is 
reticulated ; at B halos become visible and the line structure disappears ; 
and at C rain comes on : the cirro-stratus has then been propagated down- 
wards until it fills the air to great depths and has become a nimbus. Fig. 1 
shows the area over which the cirro-stratus is spread in a cyclonic disturb- 
ance. In squalls, we frequently have a great extension, in the rear of the 
squall cumulus, of the cirriform top, producing at times the appearance of a 
cirro-stratus cloud and even forming halos ; it is seldom that there is any 
extension in front of the advancing squall. 

I may here take the opportunity of mentioning a peculiar kind of hase 
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that at times fills the npper i^ioni of the ktmo^here, more efipeeuUj in 
the centre of ejolonio dietorbaiiaeBi and in the niay ngxiDB of the Tn^iae; 
it BeeioB to be a kind of ateiun; Btntns; but I am niiable to aoootutt for it 
in a saUBfactor; manner. 




Via. a. 



The heights to which eloada ascend will vary connderabl; all over the 
world, and will depend priooipally upon the temporatnie of the district. The 
actual altitudes ate not of eo great importance as the relative eltitades to 
one another. 
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Once an observer has thoronghlj grasped ihe difference between these 
primary types, he will soon learn to distingoish the more minate divisions ; 
and I propose " that a primary division of clouds should be arranged, taking 
the stratus and cumulus as main types, and that a more elaborate and com- 
plete division should be made of these two types/* 

In conclusion, I may state from experience that a good and complete col- 
lection of cloud photographs or pictures is indispensable for observers. 



DISCUSSION. 

Mr. Gasteb said that a vast amount of attention had recently been paid to 
photographs and pictures of clouds taken in various parts of the world, and much 
good work had been done by Mr. Abercomby, Dr. Hildebrandsson, and the 
author of the paper now read. But the great difficulty which arose in the 
question of cloud nomenclature, and which had not yet been met, was to devise 
such a classification that an observer could so describe the cloud he saw — that 
there would be no serious difficulty in deciding its form, and whether it belonged 
to the high, middle, or low level of the atmosphere. He had some time since 
attempted to prepare such a classification, based upon the old idea of four classes 
viz. cirriform, cumuliform, stratiform, and * composite. With the result, 
however, he had never been satisfied, and after considering the matter further, 
he had come to the same conclusion as Captain Wilson-Barker had arrived at, i.e. 
that there were really only two primary forms, cumulus and stratus. He went on to 
show that in the upper s&atum of the air, nothing but the stratus form is foimd, 
that nearer the earth the sheets of stratus grew thicker and their surfeMies less 
well defined, while in the clouds observed near the earth's surfJEUse it was often 
difficult to say which were stratiform and which cmnuliform. He entered upon 
a technical description of the various sub-divisions of the two primary heads, 
stating the distinguishing features peculiar to each, and concluded by promising 
to communicate a Paper to the Society, ia which he would fiilly express his ideas 
on the whole question of cloud nomenclature. 

Mr. Botch said that the subject of cloud classification had been very fiilly 
discussed at the International Meteorological Congress in Paris last September. 
Various schemes of classification were proposed, but it was the sense of the 
Congress that the nomenclature of Abercromby and EUldebrandsson, based on 
the division of Howard, was to be preferred, both on account of its simplicity, 
which was thought to be of importance for the majority of observers, and also on 
account of its already wide adoption by meteorologists. In regard to the 
pictorial representation of cloud types, it was pointed out that the natural colours 
were very unportant, but that all attempts hitnerto made to reproduce them had 
been unsuccessful. The want had now been filled by the preparation of a Cloud 
Atlas by Hildebrandsson and Koppen, which was to be printed by chrome- 
Hthography in Hamburg, and sold at the price of about twelve shillings a copy. 

Mr. Dines wished to inquire whether there was any certainty about the 
height of clouds. He supposed that most observers formed a &irly correct 
estimate, but he wished to point out that in the vast majority of cases no 
possible means existed of knowing whether the estimate was right or wrong. 
He would explain what he meant by referring to those people who knew the 
direction of the wind by their feelings. They generally considered their feelings 
a better guide than a weathercock, but those who preferred the weathercock did 
not always agree with them as to the direction of the wiud. Possibly the cloud 
observer might be in a similar position, and his estimates of height, if they could 
be checked, might also at times turn out to be wrong. Probably many persons 
had now and then seen a cloud, which they had considered the highest, pass across 
another cloud which they had previously thought to be the lower. He did not 
wish to imply that the estimates formed were wrong, but onl^ that no means 
existed of knowing whether they were wrong, and hence he did not altogether 
agree with taking the height for the basis of cloud specification. 

Capt. Wilson-Babker, in reply, said that he found no more difficulty in 
determining the relative heights of clouds than in observing their motion. Of 
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couTBe he did not pretend to be able to determine their actual elevation above 
the earth with any approach to accuracy ; and he thought observers would find 
no difficult^r in this matter, which was of great importance in his yropoeed 
primary division of the clouds. 



AN OPTICAL FEATURE OF THE LIGHTNING FLASH. 

By eric STUART BRUCE, M.A., F.R.Met.Soc, 



[Beoeived December 1st, 1889.— Bead Februaiy 19tfa, 1890.] 

In the First Report of the Thunderstorm Committoo, which dealt with the 
photographs of lightning flashes, the Committee called attention to the £Eict 
** that there is not the slightest evidence in the photographs of lightning 
flashes of the angular zig-zag or forked forms commonly seen in pictures."^ 
They also referred to the paper that Mr. James Nasmyth communicated to the 
British Association in 1856, in which Mr. Nasmyth says that a flash of light- 
ning appears to him to be more correctly represented by an intensely crooked line, 
and he seemstodoubt the existence of Artists* Lightning. To these apparently 
conclusive condemnations of the conventional idea of a lightning flash might 
be added the words of Mr. Ruskin in Modem Painters^ when criticising 
Turner's <* Btonehenge.'* He says: — *< The white lightning, not as it is 
drawn by less observant or less capable painters in zig-zag fortifications, but 
in its own dreadful irregularities of streaming fire.** It is noticeable that 
these words were written of Turner's picture many years before the publica- 
tion of Nasmyth's paper. 

But on the other side there was the evidence of one's own eyes, and those 
of many others, as having at times seen a zig-zag flash something very like 
the depiction of the artist, added to a conviction that in the conventional 
representation handed down from ancient times there is probably some ele- 
ment of truth. 

From the time that the Royal Meteorological Society first exhibited its 
magnificent collection of photographs of lightning flashes I felt interested in 
the cause of the discrepancy, and gave the subject some thought and study. 
Of one point I felt pretty sure, — that the photographs were a true rq)re- 
sentation of what exists in Nature (though possibly every kind of flash 
might not yet have been registered on the photographic plate). I was at 
first inclined to think that the efiect of the angular zig-zag was due to an 
optical illusion, and I began to search for its cause in that class of pheno- 
mena that may be called ** eye-sight illusions." While engaged in this 
search, it all at once occurred to me that I was on the wrong track, and that 
the explanation would be found not to be an optical illusion, but an optical 

1 Quarterly Journal^ Vol. XIY. p. 229. 
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reatity^not the flash itself, but the optically projected image of the flash 
formed on clouds. But why should the projection flash be in angular zig- 
zags ? Because the clouds on which the projection is cast are often of the 
cwnulua type, so as to a£ford an angular surface. 

The image of the flash takes the angles of the uneven surface of the 
clouds. At this point let me make it quite clear that when I speak of zig* 
zag appearances, I do not mean that irregularity of the line of light that the 
flash of lightning and spark from an electric machine often displays, but 
only the long angles of the conventional representation. Having formed 
this theory in my mind, I proceeded to experiment, and succeeded in repro- 
ducing something very like the conventional lightning by casting the pro- 
jection of a photograph of lightning on model clouds. 

I have arranged on the table some model clouds presenting an angular 
surface.^ In my lantern I have placed a photographic slide of a flash. It 
is of that type represented in the Report as '* streaming.** I have chosen 
that type, as it is without the irregularities of the other forms of flashes, 
being, to quote the description of it in Mr. Abercromby*s report, ** a plain, 
broad, rather smooth, streak of light.** This flash, when projected on to the 
clouds, is to all appearances no longer a streaming flash, but is broken up 
into angles, and might be called a zig-zag flash. 

Those who have knowledge of the laws of optics might endeavour to ac* 
count for the projection of the image of a flash of lightning in more ways than 
one. I will now only point out one of the simplest ways in which it might occur. 

Let the incandescent lamp represent a flash of lightning at some distance 
from the screen of clouds. When the light is flashed on and off*, there is 
the simulation of sheet lightning on the cloud screen ; now to transform the 
sheet lightning into projection lightning. To do this there must be an addi* 
tion to the arrangements — a cloud with a small opening in it, somewhere 
between the flash and the surface of cloud upon which the projection is cast. 
Let a screen with one small opening represent such a cloud ; when this is placed 
in position and the light flashed on, there is no longer the sheet lightning, 
but the image of the incandescent carbon — a distorted image as it falls upon 
the uneven [surface of clouds. The sides of the horse-shoe of white hot 
carbon appear to be zig-zagged. 

And now to go one step further. If we make another opening in the 
model cloud, there will be two images formed of the incandescent filament 
of carbon, and likewise in Nature a multiplication of openings will produce 
a multiplication of images [of flashes. May this not explain the forked ap* 
pearance so often depicted ? 

It may be objected that it seems inconceivable how this peculiar type of 
flash came to be regarded as the only type ; for the image is probably not 
nearly so frequently seen as the flash itself. Perhaps the fact that the 
image of the lightning flash would not have that intense and dazzling bril^ 
liancy of the flash itself may explain this. 

^ These experiments were shown to the Meeting by the aid of the Optical Lantetn. 
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If any briUiant source of light, such as the arc light, be suddenly flashed 
upon the average human eye, that organ would not recognise the form of the 
source ; but if the imago were flashed upon a screen, any eye would distingnirfi 
the image of the white hot carbon points, and so the projection would lose the 
bewildering brilliancy of the flash, and its distorted form would be impressed 
upon the mind. The diminution of brilliancy probably also explains thai 
other objection — that no photographic plate seems to have yet registered the 
zig-zag ''projection*' flash. 



DISCUSSION. 

Mr. Symons said that, in common with all present, he felt much indebted to 
Mr. Bruce for the pains he had taken in investigating this qaestion and the 
nicely arranged experiments which he had shown ; but he did not feel conyinced 
that the angular zig-zag flashes, represented in many pictures and engravings as 
repeatedly turning back at an angle of about 45^, actually existed. He con- 
siaered that in a lightning flash we saw the actual electric discharge and not its 
projection on a cloud. 



PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 

January 15th, 1890. 

Ordinary Meeting. 

WHiUAH Mabcet, M.D., F.B.S., President, in the Chaur. 

James Cleminson, M.In8t.C.£., Villa Albano, Beulah Hill, Upper Norwood, 

S.E.; 
William Joseph Harrison, Assoc.M.Inst.C.E., 7 Carteret Street, Queen Anne's 

Gate, S.W. ; 
David Ernest Hutchins, J. P., Enyosa, Cape Colony ; 

Francis John Charles May, Assoc.M.Inst.C.E., 25 Compton Avenue, Brighton ; 
LiNDLEY William Poynter, M.Inst. C.E., 8 Marlborough Terrace, Worthing; 
Thomas Boberts, Assoc.M.Inst.C.E., Portmadoo, North Wales ; 
BoBERT Bobinson, M.Inst.C.E., Beechwood, Darlington ; 
James Shand, M.Inst.C.E., Parkholme, Elm Park Gardens, S.W. ; 
James Arthur Forrest de Vine, The Cliff, Becoles ; 
Albert Edward Watson, B.A., 7 St. John's Grove, Croydon ; and 
Bobert Georqe Young, Assoc.M.Inst.C.E., County Asylum, Colney Hatch, N., 
were balloted for and duly elected Fellows of the Society. 



January 15th, 1890. 

Annual General Meeting. 

William Marcet, M.D., F.B.S.) President, in the Chair. 

Mr« H. Harries and Mr. M. Jackson were appointed Soutineers of the Ballot 
for Officers and Council. 

Dr. Tripe read the Beport of the Council and the Balance Sheet for the past 
year. (p. 86.) 
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It was proposed bv the President, seconded by Dr. Tripe, and resolved : — 
" That the Report oi the Council be received and adopted, and printed in the 
Quarterly Joutnnal" 

It was proposed by Mr. Beaufort, seconded by Capt. Maclear, and resolved : — 
** That the best thanks of the Boyal Meteorological Society be communicated to 
the President and Council of the Institution of Civil Engineers for having 
grairted the Society firee permission to hold its Meetings in the rooms of the 
Institution.** 

It was proposed by Dr. Lawson, seconded bv Mr. Tripp, and resolved : — " That 
the tiianks of the Society be given to the Officers and other Members of the 
Coimcil for their services during the past year.'* 

It was proposed by Mr. Stokes, seconded by Mr. Gwilliam, and resolved : — 
" That the iSianks of the Society be given to the Standing Committees, and to 
the Auditors, and that the Committees be requested to continue their duties till 
the next Council Meeting.** 

The President then delivered an Address on " Atmospheric Dust." (p. 78.) 

It was proposed by Mr. Brewin, seconded by Mr. Ellis, and resolved : — ** That 
the thanks oi the Society be given to the President for his services during the past 
year, and for his Address, and that he be requested to allow it to be printed in the 
Quarterly Journal" 

The Scrutineers declared the following gentlemen to be the Officers and Council 
for the ensuing year, viz. : — 

President. 
Baldwin Latham, M.Inst.C.E., F.G.S. 

Vice-PresidentB. 

Henry Francis Blanford, F.B.S., F.G.S. 
Whjjam Henry Dines, B.A. 
Capt, John Pearse Maclear, B.N. 
William Marcet, M.D., F.B.S., F.C.S. 

Treasurer. 
Henry Perigal, F.B.A.S., F.B.M.S. 

Trustees. 
Hon. Francis Albert Bollo Bussell, M.A. 
Stephen William Silter, F.B.G.S. 

Secretaries. J 

Gboroe James Symons, F.B.S. 

John William Tripe, M.D., M.B.C.P.Ed. 

Foreign Secretary.! 

BoBERT Henry Scott, M.A., F.B.S., F.G.S. 

OonnciL 
Francis Campbell Bayard, LL.M. 
William Morris Beaufort, F.B.A.S., F.B.G.S. 
Arthur Brewin. 

Georoe Chatterton, M.A., M.Inst.C.E. 
Arthur William Clayden, M Jl«, F.G.S. 
William Ellis, F.B.A.S. 
Charles Harding. 
BicHARo Inwards, F.B.A.S. 
Edward Mawley, F.B.H.S. 
Henry Southall. 

William Blomefield Tripp, M.Inst.C.E. 
Charles Theodore Williams, M.A., M.D., F.B.C.P 
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Fkbruast 19th, 1890. 

Ordinary Meeting. 

William Marcbt, M J)., F.B.S., Vice-President, in the Chair. 

Oswald Bbucb Guyiljb, F.C A., 68 Upper Berkeley Street, Portman Sqiiare, W 
WiLUAM Harpub, M.Inst.C.E., 197 Severn Road, Cardiff; and 
Henry John Spooner, F.G.S., A8Boe.M.Inst.C.E., 809 Begent Street, W., 
were balloted for and duly elected Fellows of the Society. 

The foUowing Papers were read : — 

" Observations on the Motion of Dust, as Illustrative of the CiRccLAnoy^^ 
OF THE Atmosphere, and of the Development of certain Cloud Forms.' * ' 
By Hon. B. Abercrombt, F.B.Met.Soc. (p. 119.) 

'* Cloud Nomenclature.'* By Capt. D. Wilson-Barker, F.B.Met.Soc. (p. ^^ 
127.) 

** An Optical Feature of the LioHTNiNa Flash." By E. S. Bruce, MJi., 
F.B.Met.Soo. (p. 182.) 



CORRESPONDENCE AND NOTES. 

On the Bainfall of the Biviera. 

Having found in M. Teisserene de Bort's Quinzaine MeUonAogique 1877, page 
179, abstracts of the observations made at Nice daring the seven years 1870-76» 
I think that it will be well to convert his rainfall values and insert ^em in the 
Quarterly Journal as a supplement to my paper, in the last number, page 44. 

Yearly total rainfall at Nice by M. Teysseire. 

Ins. Ins. 

1870 ... 34-35 1874 ... 24-37 

1871 ... 31-73 1875 ... 1783 

1872 ... 64-49 1876 ... 2943 

1873 ... 31-34 

Mean Yearly Total, 1870-76 ... 31*92 ins. 

Mean monthly rainfall at Nice, 1870-76. 







Ins. 






Ins. 


January 




3-06 


July 




•61 


February 




1-68 


August 




1-03 


March 




2-88 


September 




1-22 


April 




2-59 


October 




603 


May 




1-54 


November 




503 


June 




219 


December 




406 

G. J. SVMON? 



BucuAN's "Keport on Atmospheric Circuijition." 

This forms one of the " Reports on the Scientific Results of the Voyage of 
H.M.S. Challenger during the years 1873-76." The work is really a re-discussion 
of all the avimable information regarding various atmospheric phenomena 
over the globe. The data are given in nine Tables of the Appendices, of which 
the more unportant are the mean diurnal variation of atmospheric pressure at 147 
stations, the mean monthlv and annual pressure of the atmosphere at 1,866 
stations, and a similar tabic of temperature at 1,620 stations, and the mean 
monthly and annual direction of the wind at 746 stations. 
The Report is divided into two parts, the first dealing with the diurnal 
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phenomena of meteorology over the oeefm, and the second giving a comparative 
view of the climatology of the globe. The book extends to 842 pages of quarto 
88, and is illustrated bv 2 plates of diagrams and 52 coloured maps^ 
tiie montiily and annnal distribution of temp^ratore and pressure of tne 
lere and winds over the globe. 

Tlie' foUowing is Mr. Bachan*s sommary of the distribution of the mean 
i^mospherio temperatore and pressure for the year : — 

' " The distribntion of the mean annual pressure may be regarded as representing 
the snm of the influences at work, directly and indirectly, throughout the year, 
hk increasing and diminishing atmospheric pressure and temperi^ure. 

** The isotiiermal of — 5^ surrounds the north pole, and marks off the re^on 
where the annual temperature of the globe fialls to the zoinimum. The regions 
of highest mean anniuil temperature, marked off by the isothermal of 85°, occur 
ill Central Africa, in India, the north of Australia and Central America ; but,, 
except Central Africa, these areas are very restricted. Temperature is depressed 
in the greatest degree towards the eastern sides of the land surfsMses of the 
continents as they stretch towards and into the Arctic regions. As regards the 
ocean, temperatures are low on the eastern coasts of the continents of the 
northern hemisphere and on the western side of the continents of the southern, 
liemisphere. The effect of the more clouded condition of the atmo^here of 
intertropical South America as compared with Central Africa is well illustrated 
by the isothermals of these two extensive regions. 

" The most conspicuous example of the influence of ocean currents in raising 
tiie temperature is seen in the protrusion northwards of the isothermab over 
Western Europe, due to the prevsuling winds and wide^read currents which 
there pass from lower to higher latitudes. The contrast the temperature of the 
east coast of America offers to that of Europe is very striking. A similar result, 
bat in a greatly reduced form, is seen on companng the east of Asia with the 
west of North America. 

*' As respects land surfaces of tropical and sub-tropical countries, the highest 
mean annual temperatures are found in those regions where for a considerable 
portion of the year the climate is dry and practicaJly rainless. The isothermals 
of Mexico and Brazil show in a striking manner the influence of dry and wei 
climates on the distribution of temperature in low latitudes. In this connection 
the crowding together of the isothermals in Africa and South America about 
latitude 80° S. is one of the most striMng features of these lines. 

" The chart of mean annual atmospheric pressure shows two regions of high 
pressure, the one north and the other south of the equator, which pass completely 
round the globe as broad belts of high pressure. The belt of high pressure in the 
southern hemisphere lies parallel to the equator, and is of tolerably uniform 
breadth throughout, widemng, however, in the longitudes of the anticydonic 
regions of the Pacific, Atlantic, and Indian Oceans, and of the less pronounced 
anticyclone of Australia. The belt of high pressure north of the equator has a 
very irregular outline, and exhibits the greatest differences as regards orecidth and 
inclination to the equator. These irregularities wholly depend on the peculiar 
distribntion of land and water which obtains in the northern hemisphere. The 
maximum breadth is reached over the continents of Asia and America ; and, 
indeed, the area of high pressure may further be regarded as stretching across the 
Arctic region from the one continent to the other. The highest tnean annual 
pressure, 80*20 ins., is attained in the anticydonic region in the North Pacific. 
On the other hand, the belt of high pressure fiEdls to the minimnm in the Pacific 
immediately to the east of Japan, where it is less than 29*95 ins. It is also to be 
noted that pressure is nearly equally low in the east of the United States and 
pifrts of the Atlantic a^oining. About the same latitudes, both north and south of 
the equator, pressure is invariably high in the ocean a Uttle to westward of all 
continents. 

*' These two belts of high pressure enclose between them the comparatively 
torn pressure of equatorial regions, through the centre of which runs a narrower 
belt of still lower pressure, towards which the Trade winds on either side blow. 
TioB intertropical belt of low pressure exhibits several centres of still lower 
pressure. Tne most important and extensive of these includes India, thel 
•onthem half of Arabia, and a large portion of Central Afiica, where pressm^e 
:nlls below 29*80 ins.; and over a oonsiaerable part of north-eastern India it fieJls 
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under 29*76 iiu. Over the larger propardon of the Eaek Indialilands preasazei^ 
also under 29*80 ins. ; and there are besides two small regions near the month of' 
the Amazon and near Panama where pressure does not qnite reaoh 29*86 ins. 

" Perhaps the most remarkable region of low pressure is in the Antarotitr 
regions, which, remaining low throughout the year, ^ys the prinoq^ r61e in 
the wind mtcons bordering on and within the Antarotio Girole,*with their heavy 
snows and rainfeJl, and in the enormous icebergs which farm so striking a^ 
fBAtore of the waters of the Southern Ocean. It is probable that over nearly the 
whole of the Antarctic regions mean pressure is at least less than 29*80 ins. 

" In the north polar regions pressure is lower than over the continents, but- 
higher than over the oceans immediately adjoining. In the temperate and^ 
Arctic regions there are two strongly marked depressions— the larger coverings 
the northern portion of the Atlantic and acyoinmg lands, and ihe other the 
corresponding portion of the North Pacific, the mean in each &]ling in Uie centre- 
below ^*70 ins. 

'* Now the whole of these areas of low pessure have the common ohanu^erisiid 
of an excessive amount of moisture m the atmosphere. The Arotio and 
Antarctic zones of low pressure, and the equatorial belt of low pressure generally, 
are all but wholly occasioned by a comparatively large amount of vapour in the 
atmosphere. But as regards the region [of low pressure in Southern Asia in 
summer, while the eastern half of the depression overspreading the valley of the 
Ganges has a moist atmosphere and a large rainfaJl, the western half of it in. 
singularly dry and practically rainless, and its central portion occupies a region 
where at the time the climate is one of the driest and hottest found at any season 
anywhere on the globe. Hence, while observation shows the vapour to be the 
most important and widespread of the disturbing influences at work in the 
atmosphere, the temperature also plays no inconspicuous part directly in 
destroying the equilibrium of the atmoej^here ; firom which usturbanoe result 
winds, stmns, and many other atmospheric changes.'* 

Hr. Buchan concludes as follows : — 

"The Isobaric Maps show, in the clearest and most'eondusive manner, thai 
the distribution of the pressure of the earth's atmosphere is detennined by the 
geographical distribution of land and water in their rdations to the varying heaft 
of the sun throujB^ the months of the year; and since the relative jg^^essuza 
determines the direction and force of the prevailing winds, and ttieae m their 
txum the temperature, moisture, rainfedl, and in a very great degree the surfkee 
currents of the ocean, it is evident that there is here a prininple applicable not 
merely to the present state of the earth, but also to different distributions of land, 
and water in past times." 



Thb Commencement of Meteobolooical Obseeyationb. 

Db. G. Hellmann, in an article on this subject in the monthly magaiine^ 
Himmel und EnUf puts the middle of the 17Ui centuiy as the earliest we for 
systematic observations. 

The earliest instrument was the weathercock. The first man to name the wind, 
after the 4 cardinal points and their combinations was Eginhard, in the time of 
Charlemagne. 

The Greeks erected the Temple of the Winds 100 B.C. with a Triton as vane 
on top. An actual cock, in metal, as a vane, was put on the church at Brizen in 
820. Then followed Hooke's pendulum pressure plate, 1667. 

The next instrument was the Hair, or rather Orgsnic, Hygrometer, towards. 
the end of the 15th century, probably due to Leonardo da Vind. In 1666^ 
Ferdinand II., the Grand Duke of Tuscany, used a " Mostra umidaria," consisting, 
of a conical ^lass vessel filled with snow or ice. The moisture condensed on tha- 
outside of this was caught in a graduated glass measure. This was the first 
condensing hygrometer. 

The Thermometer, as is well known, was invented by Galileo at the Tcnrr 
beginning of the 17th century. The Ram-gauge by Padre CasteUi about 1639. 
with the desire of ascertaining how much the surface of Lake Trasymene woula 
be raised by a heavy fall of rain which had overtaken him after an inspection of 
the lake, then at a very low level. 

The last instrument to be mentioned is the Barometer, and that invention o£; 
course was due to Torricelli in 1643. 
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RECENT PUBLICATIONS. 

AuBicAN likTEOBOLO€»loAL JoiTBNAL. A Monthly Review of Meteorology 
and Medieal Clmatologj. Vol. YI. Nos. 9-11. Janaary-March» 
1890. 8vo. 

The principal ftriicles are: — ^The mathematical elements in the estimation ot 
ttie Si^oal Service Beports : by W. S. Nichols (6 pp.). — State Tornado Charts r 
by Lieut. J. P. Finley (11 pp.)* The States dealt with are Maine, New Hamp- 
nire» Vermont, Massachusetts, Bhode Island, and Connectioat. — ^Theory of 
stqrms, based on Bedfield's laws : by M. Faye (21 pp.).— On globular li^htmng : 
1^ Dr. T. G. Mendenhall (10 pp.). — Diminution of temperature with height : by 
rtoL H. A. Hazen (8 pp.). — ^llie International Meteorological Congress at Paris : 
i^ A. L. Botch (18 pp.). This is an interesting and tSl account of the pro* 
eeedings and papers read at the Congress held at Paris, on September 19th Uy 
90th, 1889. — Spectre of the Brooken : by Prof. H. A. Hazen (4 pp.). 

CSABTS BHOWINO THE NoBHAL MONTHLT BaINFALL IN THE UmITED StATES, 

WITH Notes and Tables. Prepaied by H. H. C. Dunwoodt, Capt.» 
Signal Officer. 4to. 1689. 

ThiBBe Charts are based upon observations made at the stations of the Signal 
Service, Army Posts, &c. during the eighteen years, 1870- 1888. The amount of 
precipitation varies from about 8 ins. m southern Califomia, western Nevada, 
and western Arizona, to over 1(X) ins. in the extreme north-western portion of 
"Waahington Territory : the annual rainfEdl at Neah Bay amounting to 105 ins 
There are two well-defined systems of precipitation within the limits of the 
United States ; one practically covering that portion of the country east of the 
Boeky Mountains, and the other extending over the Pacific coast and plateau 
awyfams, altlumgh the rainfedl in the southern plateau re^on is apparently not 
tmaQy within the western system, and the summer rainfeJls in Arizona may 
aMnh firom the same causes which produce summer rains in New Mexico ana 
Colorado. The vapour supply of the eastern system is evidently from the Gulf 
of Mezieo and the Atlantic, and the thermal and wind conditions attendant over 
ihis area are such as to produce moderate rarnfiEill throughout the year. As a 
Mneral rule, the annual rainfEdl in the eastern portion of the United States 
oeoreaaes with the latitude, although the decrease is slight on the immediate 
€Oafli. It also generally decreases with the distance from the source of supply of 
▼aponr. The annual rainfEdl exceeds 00 ins. on the central Gulf coast, near Cape 
Hatterae, and in north-east Georgia. It ^ceeds 60 ins. over the greater portion 
ef the Qimi and south Atlantic, 40 ins. over the middle Atlantic and New 
Kngland coasts and the greater portion of tiie Ohio valley, 80 ins. over the states 
Murt of the ninety-seventh meridian ^excepting Minnesota), and 20 ins. in the 
resion east of the one hundredth meridian, ^e precipitation occurring within 
ma region is usually attendant upon the passage of areas of barometric depres- 
■ton, and the extent and amount of rainfedl accompanying any particular storm 
dcq^ends largely upon the location and direction of movement of the centre of 
depression. 

Bbobaohtukoer beb Meteobologisohen Stationen Df E5NIOBEI0H Batebn. 
Band. XI. Jahrgang 1889. 4to. 1890. 

Ckmtains : Bodentemperaturen an der E. Stemwarte bei Mtinchen und der 
Zuaammenhangi ihrer Schwankungen mit den Witterungsverhfiltnissen : von 
Dr» K. Singer (24 pp.). This is a discussion of the observations of earth 
taoaperature instituted oy Dr. von Lament at Munich in 1860. The period 
dealt with is 26 years. The following are the principal results. The general 
meami at the different depths are as follows : — 

1-8 metres =s 48^*62 Fahr. 
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The mean temperature at the depth of about 1 metre ezeeeds the mean air 
temperature by 1°*6, and these figures indicate the distinct inflnenoe of the 
eleivation of the station above the sea. The epochs of the extremes And means 
are as follows : — ^At the upper station (1*8 metres) min. Mardi 2nd, mean Maj 
21st, max. August 24th, melm November 15th^ each stage ctf descent of 1*3 
metres prodnoes a retardation of 21 days for the extremes, and 24 davs £or the 
means; and at the lowest station tiie order of the epochs is nearly exactljf 
reversed, for we have min. May 28rd, mean Angost 24tn max. November 17tli|. 
mean Febmary 24th. The earth temperature at 1*8 metres between IBdl and 
18d9 has never fedlen below 85^*6, and never risen above 62^6 ; the extremes in 
tha other strata have been successively 89°-2 and 57^-2 ; 41''-0 and 65^*4 ; 42^*8 
and 58^*6 ; and 44°*6 and 51°'8. There is not space here to give all the condlil- 
dons of the author as to the relation of earth temperatures to weather, and we 
must refer to the original paper : but we should say that Dr. Singer finds thai 
the amount of moisture exercises a decided infiuence on the jjround temperatuze* 
a much heavier rainfiedl is required to produce effects of this nature in sommer 
when the ground is covered by vegetation thui in winter. 

Mbtbobolooisghb Zbitsohbift. Bedigirt von Dr. J. Hank und Dr. W« 
EoppEM. January-March 1890. 4to. 

t- 

Contains : — Die meteorologischen ErgebnisBe der Lady Franklin Bay Expedi- 
tion, 1881-83 : von Dr. J. Hann (17 pp.). This Ib an elaborate Bummaiy of the 
scientific results of Gen. Greely^s expedition, which are very creditable consider- 
ing the frightful privations to which the staff were exposed, especially in the 
last winter. — ^Znr Frage der Stemenstrahlong : von Dr. J. Maurer (7 pp.). Thia 
is an inquiry into the question of what is the temperature of space, and whether 
any appreciable quantity of heat can reach the earth from the stars. The state' 
ment of Pouillet*8 that the temperature of space is —142° C has been generally^ 
accepted. Dr. Maurer gives as his own opinion, supported by Langley anid-- 
Newcomb, that Pouillefs assertion rests on no solid foundation, and that any 
heat coming from the stars is quite inappreciable. — Die Theorie des ersten Par« 

Surlichtes: von Dr. J. M. Pemter (10 pp.). This is an examination of the 
ifferent explanations of the first purple glow, and Dr. Pemter concludes that 
Kiessling and Riggenbach have been right in attributing it to refraction. — ^Wind- 
fitarke und Windgeschwindigkcit anf norwegischen Leuchtfeuer-Stationen : von- 
Dr. H. Mohn (5 pp.). The stations use Wild's pendulum pressure plate anemome- 
ter, and when the more recent table of the velocities for each deviation of the • 
plate is used the figures agree well with those given by the Wind Force Com- 
initttee of the Royal Meteorological Society. — Ueber atmosph&rische Bewegon- 
gen: von 11. von Ilelroholtz (4 pp.). This deals with the formation of wave 
motion, where two strata of different density are in immediate contact with each 
other, as air and water at the sea surface. The author seeks to explain the 
phenomena of atmospheric disturbances on this principle. — ^Resultate anemome- • 
tfischer Beobachtungen auf der ungarischen Tiefebene in Kalocsa: von J« 
F^nyi, S.J. (10 pp.). This is an exanunation of 6 years' records, in order to aee 
whether Sprung's theory of the variation of wind direction in the daily period* 
was correct for this station. The statement is : " In plains or on table, lands the 
wind has a tendencv to shift with watch hands in the forenoon, against them in. 
the afternoon." The general result is satisfactory. 

Stmons's Monthly Meteobolooioal Magazinb. Nob. 288-S90. Janoaiy- 
March 1890. 8vo. 

Contains among articles : The Eiffel Tower and its use (6 pp.). — Solar hales 
and parhelia on January 29th r3 pp.).— -The Weather Plant (2 pp.).^BainfaU on 
Ben Nevis during January 1890, by R. C. Mossman. — ^Remarkably dry air, W 
Ck)l. M. F. Ward (2 pp.). At Partenkirchen, Bavaria, on January 27th, at 2: 
p.m. the author recorded by his hair hygrometer the remarkably low relative 
humidity of 5 ; the dry and wet bulb thermometer readings also confirmins this. 
— ^Meteorology in Roumania(3 pp.). — ^The March frost (2 pp.). — ^'* Areas of rare- 
faction " or " depressions,** by Rev. G. T. Ryves (1 p.). 



QUARTERLY JOURNAL 



OF THB 



ROYAL METEOROLOGICAL SOCIETY. 



Vol.. XVI. JULY 1890. No. 75, 



A BRIEF NOTICE RESPECTING 

PHOTOGRAPHY IN REUTION TO METEOROLOGICAL WORK. 

By G. M. WHIPPLE, B.So., F.R.A.S., F.R.Met.Soc., 

Sapermtendent of the Eew ObBerratory of the Royal Society. 



[Bead March 19th, 1890.] 

AiiTBOOOH most of the Fellows of the Royal Meteorological Society have 
been aware, that for many years past photography has been a valued hand- 
maid to the Meteorologist, in relieving him in a great measure from the 
labour entailed in taking numerous and frequent observations of thermometers, 
the barometer, and other necessary instruments, yet comparatively few 
persons are acquainted with the details of the apparatus or methods 
employed. 

Having prepared for another purpose a set of lantern transparencies of the 
instruments in use at the Eew Observatory, and at many of the other 
Meteorological observatories both at home and abroad, the Council of this 
Society have thought it might offer some interest to the Fellows to exhibit 
these photographs to this meeting. I have also prepared some notes as to 
the history of the application of photography to the purpose of continuous 
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re^stration, which, I think, may be of importance in throwing light upon the 
question of priority of the invention, a matter which, so far as I am aware, 
has not been fnlly treated of in any text-book of Meteorology. 

The prosecution of the study of weather and its changes entails freqaenf 
and namerons observations of the various natural phenomena which in the 
aggregate go to make up what we term '* Weather," and which popularly 
may be described as changes in the various properties of the aerial ooeaD 
which surrounds us, and at the bottom of which we live. These phenomena 
are its temperature ; its humidity or extent of dryness, ue, the amount o: 
aqueous vapour it holds in suspension ; its motions ; its density and also iti 
electrical condition. Variations in its chemical constitution and in the 
number or nature of the objects accidentally floating in it, such as dost 
organic or inorganic, including germs and seeds, although of great inteiesi tc 
the naturalist and sanitarian, are scarcely to be considered as falling within 
the scope of the science of Meteorology as understood at the present time. It 
is to be hoped, however, that as we obtain a fuller knowledge of many of th< 
phenomena first mentioned, those later named may come in for more extendec 
notice. 

With regard to the question of priority of discovery of photographii 
registration, I do not wish to be unjust to any person who may be entitled ic 
the credit of being earliest in the field, more especially to any foreigner wh( 
may have published suggestions as to the feasibility of this method, bat 1 
desire to refer in this paper only to those gentlemen whom I have been abli 
to find as distinctly having removed the invention from the region of con 
jecture to that of actual performance. 

In the extreme south-west of England there has existed for 56 years a com' 
paratively small scientific and artistic society — the Royal Cornwall Polyteehni< 
Society, founded by some young ladies in 1888 — which publishes annually ai 
8vo volume of Proceedings of about 200 pp. 

In 1888 its Secretary, Mr. T. B. Jordan, who was also a mathematical anc 
philosophical instrument maker, in Falmouth, described an instmm^it foi 
recording by means of photography the variations in the height of th< 
barometer by passing light through the Torricellian vacuum and allowing thi 
top of the mercurial column to arrest the luminous rays in their passage U 
sensitized paper. Mr. Jordan also devised a recording declination magneto- 
graph, and a self-recording actinometer, all of which instruments witl 
engraved illustrations are described in the Sixth Annual Report of th< 
Polytechnic Society. 

The next application of photography, in the order of time, was by Sv 
Francis Ronalds, at that time Honorary Superintendent of the Kev 
Observatory, who in 1840 was hard at work on atmospheric electricity 
Having constructed an apparatus which he called an electrograph, hi 
obtained a record of the times at which electrical tension caused sparks U 
pass from a conductor electrified by the air to an earth wire, in the following 
ingenious manner : —A metal disc covered with sealing-wax was substituted foi 
the hand of a clock, and carried round on its upturned dial, beneath a fingei 
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conneeted by a wire with a colloctiog mast. As sparks passed from the 
eondnctor on the mast to the ground they heated and softened the sealing- 
wax on the disc, so that on powdered chalk being shaken over it Lichtcu- 
berger's figures were formed, which were retained in the wax when it cooled. 
Ronalds had these discs placed in front of an ordinary camera, and photo- 
graphed by Mr. Collen, of Somerset Street, London, a photographer be 
called in for the purpose. This somewhat roundabout process was soon after 
modified into one of moving a sensitized photographic plate slowly in front of 
a pair of electrified gold leaves of a Bohnenberger's electroscope, and 
recording the amount of their divergence under different electrical conditions. 

Next come the simultaneous labours of Brooke and Konalds, the results of 
the incentive of grants made by the Royal Society for the successful 
construction of self-registering instruments. Full accounts of both gentle- 
men's work will be found in the Philosophical Transactions for 1847, and the 
principal parts of their original apparatus are now to be seen in the Loan 
Collection of Scientific Apparatus, at the South Kensington Museum. 

Since the time of Brooke and Ronalds their magnetographs and meteoro- 
graphs have undergone many modifications in detail, but not in principle ; 
it is not necessary now to go into these, we shall therefore proceed to other 
instruments since constructed. 

The thermograph and pluviograph are both derived from the barograph ; 
the earth current recorder and Thomson electrograph are both adaptations of 
Gau88*s mirror method, as used by Brooke in the Greenwich magnctograph. 
The Jordan sunshine recorder, in which the method of producing records 
is characterised by extreme simplicity, is a descendant of T. B. Jordan's 
heliograph of 1888. Finally we must mention Roscoe's recording actinomctor, 
and Abney's cloud cameras, as the latest achievements we can consider at 
present. 

I now propose to exhibit on the screen the lantern slides that I have 
prepared from actual examples of the various instruments enumerated 
already, which are now in daily work at the Kew Observatory and elsewhere ; 
they are as follows : — 

1. Beckley's modification of the Jordan -Ronalds barograph (diagram and 

instrument) . 

2. Beckley and Stewart's modification of the Brooke- Airy thermograph 

(diagram and instrument). 
8. Welsh and Beckley's improved Gauss-Brooke magnetographs (diagram 
and instrument). 

a. The declination magnetometer. 

b. Bifilar or horizontal force magnetometer. 

c. Balance or vertical force magnetometer. 

4. Thomson electrograph (diagram and instrument). 

5. Jordan's form of sunshine recorder. 

6. Whipple's modified Abney's photo-nephograph. 

We shall now proceed to consider the various photographic processes whi^h 
have been employed in connection with the above instruments. To the best 
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of my belief the process first used for recording on paper ( that adopted by 
Jordan) was Fox Talbot's, and known as the Talbotype, bat on account of the 
sluggishness of the photographic action of this process and its inability to record 
rapid movements of the magnets, as well as of the supposed irregularity in the 
traces produced by the warping and shrinkage of paper in the drying and 
other operations, Ronalds employed the Daguerreotype process for his instru- 
ments, which entailed the subsequent copying of the traces for the pnrpose of 
preservation by hand on gelatine sheets. The outlines of the curves were 
traced over by means of an etching point, then ink was rolled over them as in 
copper-plate printing, and afterwards impressions were worked off for distribu- 
tion. 

The process used by Mr. Brooke, and subsequently by Mr. Glaisher, at the 
Royal Observatory, Greenwich, was a modified Talbotype process, and is 
described at length in the introduction to the annual volumes of MagneHe and 
Meteorological Observations made at the Greenwich Observatory. 

The Radclifie Observatory at Oxford, being provided with a Ronalds 
barograph, early abandoned the use of the Daguerreotype plate in favour of 
Le Gray*s waxed paper process as improved by Mr. Crookes, and these methods 
were adopted by the Eew Committee, when continuous registration of the 
magnetic elements was entered upon, at their Observatory, in 1857. 

The waxing and ironing of the sheets of Ganson*s paper was an operation 
which consumed a great deal of time, but in 1859 this part of the 
work was much facilitated by Messrs. de la Rue & Co., who undertook the 
hot-pressing and cutting the paper by means of machinery. The staff 
at Eew prepared the paper for pressing by arranging it in piles made up of 
sheets dipped in melted refined white wax, alternating with plain sheets 
and blotting-paper in a certain order, beforehand. In 1867, the Meteoro- 
logical Office established their system of seven British Observatories, all 
working with the Kew pattern instruments and using the same photo- 
graphic process, and soon after a number of foreign Observatories were also 
organised, using both magnetographs and meteorographs, aU of which came to 
Eew for their supplies. Messrs. de la Rue found the claims on their good 
nature too heavy, and were compelled to withdraw their assistance, and so 
recourse was had to a manufacturer of waxed paper, Mr. John Sanford, 
who supplied it in considerable quantities, ready prepared for use, until a 
recent date. 

The instability of the silver compound in the sensitized sheets rendered 
waxed paper extremely subject to change, and any variations in the tempera- 
ture or humidity of the air might bring about great discoloration of the 
exposed sheets, frequently causing the partial and occasionally the total loss 
of the carves. Hence it was a welcome fact to leam that all the require- 
ments of self-recording instruments were met by the use of gelatinized 
bromide paper. This could be purchased in the market in adequate 
quantities ready to be wrapped around the cylinders without occupying time 
in preparatory processes, and could be dealt with subsequently by very easy 
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meihodSy not liable to the annoying mischances incidental to development by 
gallic acid. 

Since 1882 Greenwich and Eew, with all its affiliated Observatories, with 
I think only two exceptions, have entirely abandoned the old or waxed paper 
ibr the gelatinized or A.G.B. paper prepared by Messrs. Morgan & Eidd. 

This paper, however, has two rather serious drawbacks. The first is the 
unequal shrinkage of the film and paper, producing distortion in the curves 
which is considerably greater than that found to exist in the case of waxed 
paper. The other defect is the curling up of the paper in drying. This, at 
first, was a serious inconvenience in the operations of measuring and tabu- 
lating the curves, but is now of little note, care being taken to avoid 
nnneeessary exposure to either sun-light or heat. 

Eastman's paper is, I believe, used similarly in America, and Huntinet's 
on the Continent, but, so far as I am aware, neither are employed in this 
country. 

We now proceed to consider the sunshine recorder. Mr. James B. Jordan's 
sunshine recorder records the varying intensities of sunshine by varying the 
amount of discoloration produced in a paper sensitized by the ferro-cyanide 
process. A strip of prepared paper is put into a brass box, and the sun's 
light allowed to pass through a small slit in the side of the box, and fall upon 
the paper ; after the day's exposure, the paper is fixed by immersion in clear 
water, and we have then upon its surface a blue trace, the intensity of which 
roughly measures the amount of solar influence upon the earth. As now 
constructed, a pair of hemi- cylindrical boxes are fixed back to back upon a 
frame which can be placed parallel to the Equator at the station. 

The next and most recently-designed photographic meteorological instru- 
ment we would refer to is the photo-nephograph or cloud camera, an 
apparatus not yet fully developed. Its object is to obtain simultaneous 
instantaneous photographs of the same cloud from two or three stations 
situated at a distance from half-a-mile or upwards from each other. These 
BimultaBeous ppictures are then used for determining the positions of clouds 
above the surface of the earth, and so obtaining a knowledge of the upper 
currents of the air, their direction and motion at heights far above those at 
which anemometers can be placed, and in places where they may be supposed 
to be unafiected by the irregularities and eddies formed by unevennesses, such 
as hills and valleys, which modify the contour of the earth's surface. 

At Eew, two cameras fitted to theodolites are erected on stands half -a- mile 
apart, but electrically connected by an underground telegraph wire. Each 
camera is provided with an adjustable instantaneous shutter, which can be 
manipulated by an electric current at the will of the directing operator. The 
modus operandi is as follows : — ^A first points his camera at a selected cloud, 
and then having instructed the observer at the remote station B, through a 
telephone, aa to the direction in which he should place his instrament, releases 
both shutters at the same instant of time, so obtaining a pair of pictures in 
which the stereoscopic effect affords the required data. 

The plates exposed are slow gelatine plates, prepared according to a 
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formula devised by Captain Abney, to whom also most of the details of 
urrangomont of the instrument are due. After development by pyrogallic 
and fixing, proofs are printed on albumenized or gelatinized paper, fiv- 
which, subsequently, measurements are made of the photographs, w! 
supply material for the computation of the cloud positions and motioi 
whilst at the same time valuable information is also given as to strac 
changes continually in progress in the clouds. 

With regard to the utilisation of the photograms given by the 
instruments, suffice it to say that various processes of photograpbio rep: 
duction by photo- engraving, photo-lithography, &c., have been tried as 
a8 mechanical reproduction by pantagraphs ; but for practical use it has 
found best to convert the curves into numbers by methods of tabulation, 
then distribute the results to the pubHc as printed columns of figures. 

The following is an alphabetical list of the names of the principal^ 
Ohsorvatorios at home and abroad, where photographically recording .^=3 
iiiotoorological or magnotical apparatus is known by the author to be is^ 
action at tho present date : — 

Orsat Britain and Ireland, — Aberdeen, Falmouth, Glasgow, GreenwidLd^ 
Kew, Oxford, Stonyhurst, Valencia. 

Colonial, — Adelaide, Alipore, Bombay, Hong Kong, Mauritius, Melbourne 
Sydney, Toronto. 

Foreiijn, — Batavia, Brussels, Coimbra, San Fernando, Lisbon, LyonSt 
Madrid, Nantes, Nice, Paris, Perpignan, St. Petersburg, Utrecht, Vienna. 
Washington, Wilholmshafen, Zi-ka-Wei. 

Tho lantern slides exhibited have been made, under the author's directions 
by Mr. W. Hugo, photographic assistant at the Kew Observatory. 



APPLICATION OF PHOTOGRAPHY TO METEOROLOGICALJ 

PHENOMENA. 

An Address delivered to the Royal Meteorologioal Society, 

March 19th, 1890. 

By WILLIAM MARRIOTT, F.R.Met.Soc., 
Assistant Seobetabt. 



]\Iu. Whipple has described the various methods adopted for obtainini 
jnctuorological records by moans of Photography. My subject, viz 
Meteorological Phenomena, has a much widor range, and I hope to show ho 
photography can bo most usefully employed for the advancement of meteoro 
logical phcuomcna. 

I luivo made a large number of Lantern Slides from photographs of various 
meteorological phonomoua, which I shall now throw on tho screen.. 
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These slides ore largely illustrative of the present Exhibition, as they 
have been mostly taken from objects exhibited in the other room. 

Clouds. 

Slide 1. Typical Cload Forms, by Hon. R. Abercromby. (Quarterly 
Journal, Vol. Xm. Plate 8.) 

Slide 2, Cumulus Cloud, taken by Mons. Paul Gamier at Bonlogne-sur- 
Seine, France. 

This slide and Nos. 4 and 5 were taken from a magnificent set of 
large photographs of clouds sent by Mons. Gamier to the Exhibition. They 
are the best photographs of clouds thai; have been seen in this country. 

Slide 3. Shower Cumulus Cloud, by Mr. A. W. Clayden. 

The measurements were : — 

Height of base ... ... 2,500 feet. 

Thickness ... ... ... 4,200 „ 

A rather heavy shower of cool rain was falling from the cloud. 

Slide 4. Cirro- Cumulus Cloud, by Mons. P. Gamier. 

Slide 5. Cirrus Cloud, by Mons. P. Garnier. 

Slide 6. Cirrus Cloud, by Mr. A. W. Clayden. 

Slids 7. The same, taken 10 minutes later. 

Slide 8. Cirrus Cloud reflected from the surface of the Lake of Samen, 
August 1888, by Dr. A. Biggenbach. 

There has been some difficulty iu getting good photographs of the highest 
forms of cloud, owing to the fact that the blue light of the sky acts with nearly 
the same actinic energy on the sensitive plate as the white light of the clouds. 
Dr. Riggenbach, of Basle, in a paper read before this Society in November 
1888, said : — '* If any plan could be devised for dulling this blue light of the 
sky while the light of the clouds was left unaffected, the clouds would stand 
out from the comparatively dark background of the sky in the photographic 
picture, just as they do in the images formed by our eyes.** He explains 
how the analyser of any polarising apparatus will effect this object ; and then 
goes on to say : — '* A still simpler mode of obtaining such cloud-pictures is 
to use the surface of a lake as a polarising mirror. The best clouds for such 
a purpose are those at sunrise or sunset, at an altitude of about 87°, and in 
an azimuth either greater or less than that of the sun by 90°. In the photo- 
graphs exhibited it will be seen that the clouds are especially clear in 
the reflection ; but the coast lines also come out with unusual distinctness, 
much clearer than in the direct view, owing to the extinction of the sky 
light.'* 

LlOHTNINO. 

On several occasions papers have been read at the Meetings of the 
Boyal Meteorological Society describing various forms of lightning, and 
special interest has always been attached to the accounts of *' ball " or 
*' globular ** lightning. This form of lightning appears as a ball or globe of 
fire, varying in apparent size from a cricket- ball to a football ; it moves 
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slowly — in fact, some people have stated that they have been able to get oat 
of its way — and, as a rule, it finally explodes with great violence. As several 
persons doubted the existence of ball and some other forms of lightning, the 
Council considered that much valuable information might be obtained &om 
photographs of flashes of lightning. In response to the Connellys appeal in 
1887 a large number of such photographs have been sent in to the Society, 
from which it is evident that lightning does not take the angular zig-zag path 
so frequently seen in artists' pictures, but pursues a sinuous and very erraiie 
course. 

Slide P. Typical forms of Lightning Flashes. (Quarterly Journal^ Vol. 
XIV. Plate 8.) 

The Thunderstorm Committee in their Report on these photographs have 
attempted a classification of the various forms of lightning flashes. The 
following are some of the most typical forms : — 

1. Stream Lightning, or a plain, broad, rather smooth streak of light. 

2. Sinuous Lightning, when the flash keeps in some one general direction, 
but the line is sinuous, bending from side to side in a very irregular manner. 
This is the commonest type of lightning. 

8. Ramified Lightning, in which part of the flash appears to branch 
off from the main streak, like the fibres from the root of a tree. There is no 
evidence as to whether these fibres branch off from, or run into, the 
main flash. 

4. Meandering Lightning. Sometimes the flash appears to meander about 
in the air without any definite course, and forms small irregular loops. The 
thickness of the same flash may abo vary considerably in different parts of 
its course. 

5. Beaded or chapletted Lightning. Sometimes a series of bright beads 
appear in the general white streak of lightning on the photographic print. 
These brighter spots occasionally appear to coincide with beads in the 
meandering type, but often the beads appear without any evident looping of 
the flash. It is probable that these brighter spots may be points where the 
flash was moving either directly towards or away from the camera, and 
thereby giving a somewhat longer exposure to these spots. 

Slide 10, Ramified Lightning, by Mr. A. H. Binden, Wakefield, 
Mass. U.S.A. 

Slide 11. Lightning on September 2nd, 1889, by Mr. H. J. Adams, 
Beckenham. 

Slide 12. Lightning at Sea, taken at Hong Kong. 

The Committee also described another type, viz. Ribbon Lightning. 
Some of the photographs show flashes exhibiting more or less of a ribbon-like 
form. One edge of the ribbon is usually much whiter and firmer than the 
other. This is produced by optical causes near the edge of the plate, where 
the pencil of Hght from the lens falls obliquely and the sensitive film is 
either beyond or within the focus. The section of the pencil of light is then 
not circular, but usually consists of a bright point with a nebulous tail, 
causing a hazy edge to the bright image of the flash. This ribbon character 
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is not oontinned all across the plate, bat the breadth of the flash and its hazy 
edgings vary with the distance from the centre of the plate. 

Slide 13. Photograph showing Flash with a curtain of light, taken by Mr. 
£. S. Shepherd, August 17th, 1887. 

Some of the photographs showed flashes like a broad band or curtain 
of light. Several suggestions were made as to the probable cause of this 
duplication, but the Committee deemed it prudent not to express an opinion 
on the point. The grand display of Lightning which occurred on June 
6th, 1889, afforded an opportunity for photographs to be taken, which have, I 
think, practically settled this question. Wherever this anomaly occurred, it 
has been ascertained that in each case the camera was either held in 
the hand or was not securely fixed. 

Slide 14. Photograph showing four parallel flashes of Lightning, June 6th, 
1889, by Mr. G. J. Ninnies. 

Slide 15. Photograph showing three series of three similar parallel flashes 
of Lightning which took place while the camera was being swayed to and fro, 
by Dr. Hoffert, on June 6th, 1889. 

The very interesting photographs obtained by Mr. Ninnies, at Balh'am, 
and Dr. Hoffert, Ealing, seem to lead to the conclusion that a lightning flash 
is not instantaneous, but has a much longer duration than has generally been 
supposed to be the case. 

Slide 16. Dark Flash, by Mr. Shepherd. 

On one of the photographs taken by Mr. Shepherd, on August 17th, 1887, 
there was the anomalous appearance of a dark flash of lightning. There was 
a good deal of speculation as to its cause, but the theories advanced were 
not satisfactory. 

Slide 17. Dark Flashes, by Rev. A, Bose. 

Three or four photographs showing dark flashes were obtained during the 
storm 6n June 6th, 1889, the most notable being those taken by the Rev. A. 
Bose, at Emanuel College, Cambridge, and by Mr. Clayden, at Tulse Hill. 

Slide 18. Photographs of electric sparks explaining the formation of dark 
images of Lightning flashes, by Mr. A. W. Clayden. 

Mr. Clayden has since made a number of experiments in photographing 
the sparks from an electric machine, which tend to show that the dark flashes 
are due to photographic reversal. Among the experiments were the following : 
1. Sparks photographed in a dark room. No reversal. 2. Plate exposed to 
diffused daylight after exposure to the sparks. Partial or complete reversal. 
8. Small sparks allowed to impress images on the plate, one-half of which was 
then exposed to gaslight. Complete reversal. 4. Plate exposed to diffused 
gaslight after exposure to the sparks. Reversal. 5. Plate exposed to 
diffused gaslight before exposure to the sparks. No reversal. 

Mr. Shelford Bidwell has also made experiments in photographing electric 
sparks, and has obtained results which confirm Mr. Clayden*s explanation of 
the dark images of lightning flashes. 

Effects of Liohtnino. 

Slide 19. Tree shivered by Lightning at Audley End. 
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Slide 20, A man's clothes torn off his body by Lightning on June 
8th, 1878, while standing under a tree, near Ashford. (Transactions of the 
Clinical Society of London, Vol. XIII. p. 82.) 

Slide 21. Clothes of two men who were struck by Lightning at Spaniard's 
Farm, Hampstead Heath, June 14th, 1888. 

Slide 22, Photograph of one of the men injured at Spaniard's Farm, 
showing the scars on the arm and other parts of the body. 

Slidt 23. Arm of a boy struck by Lightning at Dunse, Berwickshire, 
June 9th, 1888, showing arborescent or tree -like markings. 

The boy, who was thirteen years of age, had sought shelter with three 
other boys in a stable when the occurrence took place ; he was thrown to the 
ground and hurt about his face and forehead by the fall. His father, who is 
a chemist, writes : — 

** The motion of the arms was for some while completely paralysed, inasmudi 
as he was unable, until some considerable time after regaining consciousness, to 
remove his hands from his pockets, where he had placed them before the 
accident. There was also in the arms a sensation of numbness and cold, and he 
fancied that they had been broken at the elbows. Other voluntary movements 
were at first inaccurate and unsteady. Later, upon his complaining of a burning 
heat in the arms his coat was removed, and markings of an arborescent character 
were discovered stretching from below the left elbow to the shoulder, and throwing 
branches of a less complicated character across the left chest. The marks were 
of a ramified, tree -like form, and seemed to radiate from two centres, as if the 
lightning had first struck the arm in two places, and had thence broken over the 
surrounding skin. Shortly after the accident the boy walked home without 
assistance, and on his arrival the marks were subjected to a closer inspection. 
They proved of a red colour, somewhat similar in shape to that of the spots of 
measles or scarlet fever. The surface of the skin was slightly raised over them, 
and the superficial heat of the injiured arm was greater than that of the rest of the 
body. For two hours after the stroke they retained their original appearance, 
remaining to the naked eye at least perfectly unaltered. By 7.80 p.m., eight and 
a half hours after the accident, they were hardly visible, and at ten o'clock next 
morning had entirely disappeared.** 

Tornadoes. 

Slide 24. Two views showing the devastation caused by the Tornado 
at Rochester, Minnesota, U.S.A., on August 21st, 1888. 

Slide 26. Ditto. 

The great force of the wind in the Tornado was illustrated in a very 
striking manner by these two views, as one showed a horse impaled by 
a large branch of a tree ; and the other showed pieces of straw driven end-on 
into the bark of trees. 

Slide 26, Tornado Cloud taken at Jamestown, Dakota, U.S.A., June 6th, 
1887. Two views. The cloud funnel was 12 miles to the north. 

Slides 27-30. Damage by the Tornado which passed across the Isle 
of Wight from Brightstone to Cowes, between 7 and 8 a.m., September 28th, 
1876. 

An ordinary rapidly revolving whirlwind, looking like a waterspout, 
or a huge funnel, point do\vn wards, came on the South-west shore of 
the Isle of Wight, about half-way between Black Gang Chine and the 
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Needles. The same, or another, passed north-eastwards over Cowes, causing 
hy its npdraaght great wreckage in the town, carrying off com, light articles, 
and even bricks, dropping some on vessels in the Solent, and carrying some 
north-eastwards on to the mainland south of Titchfield. The damage at 
Cowes by the whirlwind was estimated at £10,000 or £12,000. 

Floods. 

Slide 31, Railway Bridge between Bransford and Henwick destroyed by the 
flood on the Teme, May 14th, 1886. 

SUde 32. River Severn at Worcester in flood, May 16th, 1886. 

Rain commenced fiEdling about noon on Tuesday May 11th over the Midland 
Counties of England, and continued, but with increasing intensity, till 
Friday morning ; the duration at most places being about 60, and in 
some places nearly 70, hours. The heaviest fall occurred in Shropshire, whore 
during the three days more than 6 inches fell at several stations, and at 
Burwarton as much as 7*09 ins. was recorded. At Church Stretton 4*12 ins. 
fell on the ISth. 

The waters of the Severn and Teme continued to rise until 1 a.m. 
on Saturday, when they reached a point higher than any flood since 1770. 
About mid-day on Friday 14th, the railway bridge over the Teme between 
Bransford and Henwick gave way in consequence of the flooding of the river. 
The centre pier collapsed, and although the railway metals remained, they 
sank down with the structure, and the line became impassable. 

SUde 33. Flood at Rotherham Railway Station, May 15th, 1886. 

Slide 34. Flood at Hereford, Midland Railway Station. 

Slide 36. Flood at Bristol, March 9th, 1889. 

The rainfall was continuous during the 84 hours preceding midnight 
on March 8th, and during the interval the depth measured reached 2*91 ins. 
There had been a heavy snow storm throughout Monday, March 4th, which 
covered the ground to the depth of 6 ins. ; and the thaw which occurred on 
the 5th and 6th served to intensify the effect of the heavy rain which fell on 
succeeding days. Disastrous floods resulted. At Bristol the loss was 
estimated at £100,000. 

Fbost, &c. 

Slides 36 and 37. Hardrow Scar Waterfall. Two views : first. Summer 
flow ; second. Winter view, January 25th, 1881. 

On January 25th the cone at the bottom was a mass of frozen spray, firm 
to walk upon, but a stick could be pushed down into it. The cone was about 
80 feet high. The upper part was a hollow icicle, semi-transparent, down the 
centre of which the water could be seen falling and passing into the cone 
below, which was opaque. 

Slide 38. Niagara in winter. 

Slidee 39, 40 and 41, One view showing the Observatory on Ben Nevis in 
summer, and two views, in wmter, when the Observatory was completely 
covered in snow and hoar-frost. 
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Slide 42. Icicles near Aysgarth, Middle Force, February 10th, 1887. By 
Rev. F. W. Stow. 

Slide 43. Thick rime on trees at Lincoln, January 7th, 1889. 

Slide 44, Models of Hail stones seven inches in circomferenee which fell 
near Montereau, France, on August 16th, 1888. {Quarterly Journal^ 
Vol. XV. p. 47.) 



THE COLD PERIOD AT THE BEGINNING OF MARCH, 1890. 

By CHARLES HARDING, F.R.Mbt.Sog. 



[Bead AprO 16th, 1890.] 

This paper has heen undertaken at the wish of the Council, and the short 
time which has heen at my disposal for its preparation, will, I hope, secure 
your indulgence, and will sufficiently explain the crude manner in which the 
somewhat extensive ohservations have heen thrown together. 

The discussion is limited to England, as both Ireland and Scotland escaped 
almost entirely the cold snap which is dealt with in the paper. 

The cold was very intense over the whole Continent of Europe daring the 
early days of March. 

On March 1st, an anticyclone which had prevailed over the whole of the 
British Islands for some days suddenly gave way, and a small area of low 
harometer readings was situated off the East of England, the barometer 
being below 29*9 ins. This disturbance travelled to the southward and 
caused a considerable fall of snow in many parts of England, and especially 
in the South-eastern districts. 

After the passage of this disturbance the barometer recovered considerably, 
and an anticyclonic area embraced the whole of England. This area gradually 
moved southward, and was situated to the south of England after the 4th. 

On the 4th, when the cold was most intense over England, and especially 
over the southern portion, the air was very still, much of the country being 
situated between the influence of the anticyclone in the South and the 
cyclonic circulation in the North and West. 

The subdivisions followed by the Meteorological Office have been adhered 
to, since that grouping collects the observations into reasonably large areas. 

The districts dealt with are : — 

1. England NE 12 Stations. 

2. England NW 16 

8. Midland Counties ... ... 27 

4. England E 18 

5. England S. ... ... ... 51 

6. England SW 28 
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On March let, the minimam temperature fell below the freezing point at 
every station in the North-east of England ; the lowest reading was 24^*8 at 
Driffield. The maximum readings were also low, Shields being the only 
station at which the thermometer exceeded 40°. 

In the North-west of England the minima were not quite as low as in 
the North-eastern district, but the thermometer fell below the freezing point 
at all except the coast stations. 

In the Midland Counties the minima were uniformly below the freezing 
point except at Wakefield, where the thermometer registered 82° ; the lowest 
reading in the whole district was 22°* 5 at Cheltenham. The maxima were 
all below 40° except at Stokesay, BurghiU, Hereford and Boss, all situated in 
the South-western margin of the district, and at most of these stations the 
thermometer rose to 46°. 

In the East of England the minima are shown to be still lower, the 
thermometer reading 20° at Somerleyton, and at several stations, both on the 
sea coast and inland, registering 28° and 24°. The maxima were generally 
only 2° or 8° above the freezing point, except at Hitchin. 

In the South of England the minimum ranged from 20° at Brockham to 
80° at Totland Bay, Isle of Wight, but the average reading was 25° or 26°. 
Ch>8port and Yentnor were the only two places at which the maximum 
thermometer exceeded 40°. 

In the South-west of England the readings were much more variable, but 
^th the exceptions of the stations in the extreme West, the minimum 
thermometer fell below the freezing point. The maximum thermometer was, 
however, uniformly above 40°. 

On the 2nd, the minimum temperature fell below the freezing point at all 
stationB in the North-east of England except Shields, where it registered 82° 
only. At Alnwick Castle the reading was 20°. The maximum readings were 
much lower than on the previous day, and were the lowest of any of the 
first five days. The highest temperature was 86°, recorded at both Shields 
and York, whilst at Spurn Head and Lincoln the temperature did not rise 
above the freezing point throughout the day. 

In the North-west of England the minima were lower than on the 1st. At 
Kirkham the temperature fell to 19°, which was the lowest recorded during 
the eold spell, but at all other stations the minima occurred on the 8rd or 4th. 

In the Midland Counties the thermometer generally fell lower than on the 
previous day, but the difference was not very great. The lowest reading was 
21°'2 at Buxton, where the elevation is nearly 1,000 ft. At Berkhamsted 
Mr. Mawley registered 21°*2, and at Churchstoke the reading was 21°*5. 
' The mftTJmnm temperatures nowhere reached 40°, but with the exception of 
Harrogate, Buxton, Belper, and Stamford, the thermometer rose above 
the freezing point during the day. 

In the East of England the minimum readings were generally much lower 
than on the previous day except in the Northern part of the district. The 
lowest temperature was 18° at Hitchin, and at both Royston and Cambridge 
the reading was 19°. At several stations the thermometer did not rise above 
the freezing point throughout the day. 
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The frost was severe over the whole of the South of England, but the 
thermometer did not register a lower reading than 20° at any station. The 
maximum temperature scarcely anywhere exceeded the freezing point by more 
than 1° or 2°, and at many places it froze all day. 

In the South-west of England the minima were not generally much lower 
than on the Ist ; a frost, however, occurred at all stations, but in the Channel 
Islands and at Scilly the thermometer did not fall below 85°. The maximum 
readings were, however, lower than on the previous day, and everywhere 
below 40° except at Weston-super-Mare. 

On the 8rd, the cold was more severe at nearly every station in the North- 
east of England ; the lowest temperature was 18°*6 at Driffield, but the next 
lowest was 22°* 5 at Bounton. 

In the North-west of England the minima were also nearly ever3rwhere 
lower than on the previous day, and at most of the Northern stations, and at 
Liverpool and Macclesfield, the lowest temperature of the period occurred on 
this day, and at several of the coast stations the thermometer fell lower than 
at any time in the previous winter. 

In the Midland Counties the minima were everywhere lower than on the 
1st or 2nd, except at Churchstoke and Cheltenham, and at all stations in the 
district the thermometer registered below 25°. At Harrogate, which is the 
most Northern station, the lowest temperature of the cold spell occurred on 
this day. The lowest readings were 18°* 5 at Buxton, 18° at Aspley Guise, 
and 18°'8 at Berkhamsted. 

In the East of England the frost was more severe than on the 1st or 2nd, 
except at Yarmouth and Lowestoft. The lowest readings were 11° at Hil- 
lington, 14°-5 at Hitchin, and 15° at Cambridge. 

In the South of England the temperature was everywhere lower than on 
the two previous days. At Chatham, Maidstone, Crowborough, Brighton, 
and Yentnor, the lowest temperature daring the cold snap occurred on this 
day, and the readings were lower than at any time during the previous winter. 
At Maidstone the thermometer registered 10°, at Chatham 15°, and at Crow- 
borough 15°' 8. At several stations the maximum during the day did not 
reach the freezing point ; among these were Margate, Hastings, Brighton aud 
Bousdon, whilst at Yentnor the highest reading was only 82°*4. 

In the South-west of England the minima were everjrwhere lower than on 
the 1st or 2nd. At St. David's and Pembroke the lowest reading was 
registered on this day, and the temperature was lower than at any time 
during the winter. At Guernsey the maximum during the day was d2°'9, 
and at Jersey 88°. 

The Diagram (Fig. 1) for March 8rd shows that the minimum was below th^^ 
freezing point over the whole of England, as well as at Scilly and the ChanneB. 
Islands. The coldest areas were in the Eastern parts of England and at^ 
Buxton. By far the largest part of England had a temperature betweeiiv 
20° and 26°, whilst there were only a few stations on or near the coasts with 
readings above 25°. 

On the 4th, the temperature in the North-east of England was nearly 
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eterTwhere the ooMest of the spell, and at some stations the temperatore was 
lower than at any time during the winter. At Driffield the thermometer 
registered 14°'5, and at Lincoln 19°'8. The maxima were, however, higher 
thaa on the three preceding days, except at Appleby, where the reading on 
the Ist was nearly 1° warmer. 




In tho North-west of England the lowest tomperatares for the period were 
generally observed on tbo 4th in the Soatbcm pnrt of tho district, but a 
general rise had commenced in the North. The maxima were several degrees 
wanner than on the preceding days. 

In the Uidland Counties the minimum for the period occurred on this day 
except at Harrogate, in the extreme North, which was warmer than the 3rd 
by 0°*6. At very many stations, especially in the South, tho temperature was 
lower than at any time during the winter. Tho lowest rwulings wcru 10°'i) 
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at Bnxton, 12° at Btamford, 18°-e at Berkhamsted, 14°-9 at Gloace&ter, 16° 
at CirenceBter, and 15°-2 at Hereford and Cheltenbam. A very marked rise 
was generally shown in the maiimtun readings. 

In the East ef England the minimiun on this date was ererywhere lower 
than any recorded dnring the past winter, at least wherever ohseirationB 
have been made. The lowest readings were 6° at Hillington, 6°'S at Chelms- 
ford, and 11°'2 at Bothamsted. The tninimnm wss nowhere above 22°, and 
with the exception of Yannoath and Lowestoft, nowhere exceeded 1S°'8. 

In the Sonth of England the minima almost uniformly ocetured on Uiis 
day, and with but one or two exceptions the temperatures were lower than 
any dnring the past winter. The lowest readings were 6°-4 at Beddingfam, 6° 
at Kenley, 7°-8 at Beckenham, 6°-B at Addiscombe, fl" at Beigate and Brock- 
ham, and 10° at several places in Kent and Surrey, whilst at Qieenwich the 
thermometer fell to IS°'l. 
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In the Sonth-west of England the minima were very low, and wherever 
the test could be applied the readings were lower than at any time during the 
winter. The lowest readings were 14° at Llandovery, 14°'8 at CuUompton, 
16° at Carmarthen, 16°-6 at Castle Hill, South Molton, and 16°-8 at 
Gwemyfed Park, whilst in Jersey the thermometer fell to 21°. 

The Diagram (Fig. 2) for the 4th shows that the greatest area of cold was 
situated over Kent and Surrey, whilst equally low readings were recorded at 
isolated stations in Essex and Norfolk. Temperatures of 15° or below were 
registered over nearly the whole of the East of England, the Southern Mid- 
lands, and in part of the South-western district. The temperatures are seen 
to be uniformly lower over the Midland, Eastern, Southern, and South-western 
districts, the readings above 20° being now almost entirely limited to the 
coast stations, or to the North of England. Some increase of temperature 
is shown in the North, but Alnwick Castle is the only station over the whole 
of England (comprising as well Scilly and the Channel Islands) where the 
minimum reading was above 82°. 

On the 5th, a considerable rise of temperature took place over the North- 
east of England, and frost occurred only at stations in the southern part of 
the district, whilst the maximum temperature everywhere ranged between 
45° and 49°. 

In the North-west of England frost only occurred at a very few stations, 
and the maxima ranged between 45° and 48°. 

In the Midland Counties frost was much more general, but very many of 
the readings entered to the 5th really belong to the 4th, and are due to the 
practice of reading the thermometers in the morning only. The maxima 
ranged from 48° at Bawtry to 50°* 8 at Ross. 

In the East of England frost was general but not at all severe, whilst the 
maxima ranged from 89°-4 at Hitchin to 47° at several stations. 

In the South of England a slight frost was also experienced, and the 
maxima were generally between 42° and 52°. 

In the South-west of England a similar increase of temperature was showt) 
the thermometer during the day nearly reaching 50° at many stations. 

The following remarks show the localities in which the frost was exceptionally 

severe, and it is hoped will afiford data for comparison with other low 

temperatures which may be hereafter experienced. The observations for the 

districts England NE and England NW do not call for any special remark, 

lower readings being frequently observed at this season of the year. 

Midland Counties. 

EUrbooate. — Min. 24°'8. The thermometer registered 18® on January 8rd. 

Wakefield. — Min. 28°'2. 19''*2 was recorded on January 8rd ; which is 4° 
lower than on March 8rd. Several lower readings observed in March during 
the last 15 years, and lower winter temperatures very frequent. 

HoDsocK. — Min. 19°*7. The lowest winter temperature was 19°'6 on 
December 29th. Was lower in March in 5 years during the last 16 years ; the 
lowest being 6°'3 on March 10th, 1883 ; and each year has had a lower winter 
temperature except 1881-2, and 1888-4. The absolutely lowest reading was — 6°*8 
on December 7th, 1879. 

MXW SSBIES. — VOL. XVI. M 
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Stbelley^— Miii.ia^-a. Twicelowerin March since 1880 ; 18''-8 March 7th, 
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,BlI.''"7?flM''"^"i^"'?' ^°'"^' temperatures were enerienced in March 
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BuGBT. — Min. 17°* The thermometer registered 16°'6 on January 6th. A 
lower reading was observed in March 1886, Sie thermometer registering 15°'6 ; 
and in several recent winters lower temperatures have been recorded. 

AsPLEY Guise. — Min. 16°'2. The lowest reading in March since observations 
were conmaenced in 1871, but lower in several recent winters. Lowest 
temperature recorded 6°*9 on January 22nd, 1881. 

Ross. — Min. 16°'8. The only instance of a lower temperature in March was 
15^*0 March 1st, 1866. Lower in 11 winters during the last 25 years, lowest 
l°-8 December 81st, 1870. 

Cheltenham. — Min. 15^*2. During the last 12 years lower temperatures have 
occurred twice in March, 12°-2 March 25th, 1878 ; IV'2 March 16th, 1877. The 
temperature has fallen lower each winter except 1881-2, 1882-8, 1888-4, and 
1884-5. The lowest temperature was — 8°*8 January 20th, 1881. 

Beekhamsted. — Min. 18°'8.« No March with so low a temperature since 
observations were commenced in 1886, but each winter has had a lower reading 
with the exception of 1887-8. 

England, E. 

SoMEBLETTON. — Min. 15°*1. No instance of so low a temperature in March 
since 1870, but a lower reading observed in 10 winters out of the 20. 

BoYSTON. — Min. 15°*8. No reading so low in March during the last 89 years, 
but lower winter temperatures were observed in 18 years, the lowest was 1°*1 
December 25 th, 1860. 

England, S. 

London. — St. Luke*s, Old Street. — Min. 20°*9. No record so low since obser- 
vations commenced in 1883. 

London. — Holland House, Kensington. — Min. 16°. The shade temperature 
fell to 15° on December Slst, 1886. 

London. — Lansdowne Crescent, Notting Hill. — Min. 18°*3. Observations date 
from January 12th, 1879. No previous record so low in March. Lower 
readings in past winters, 11°*2 January 15th, 1881, 15°'2 January 2nd, 1887, 
15°-4 December 7th, 1879, 17°-8 Febniary 18th, 1889, 18°-2 January 7th, 1886. 
The range of temperature during March was 48°'7, which is the greatest range in 
any month during the last 12 years, excepting 50° in July 1881. 

London. — Camden Square. — Min. 15°*6. Observations commenced in 1859. 
No other record so low in March. Lower readings in past winters, 6°*7 
December 1860 and January 1867, ll°-8 January 1881, 14°-0 December 1870, 
14°-3 January 1861, 14°-4 December 1859, 14°'5 January 1887, 15°-1 January 
1864, 15°-4 February 1865. 

London. — Boyal Botanic Society's Gardens. — Min. 16°'5. Observations com- 
menced in 1870. No previous record so low in March. Lower readings in past 
winters, 9°-8 in 1880-1, 12°-5 in 1879-80. 14° in 1878-4 and 1878-9, 15°-5 in 
1876-6. 

Cbotdon. — ^Whitgift Grammar School. — Min. 10°. No record so low during 
the last six years. 

Addiscombe. — Min. 8°'5. No record so low since observations were com- 
menced in 1873, 17 years. The young foliage on the roses was entirely 
destroyed. 

Waddon. — Min. 17^. Once lower in March since 1882, reading 11°'6 March 
7th, 1886. Lower readings in previous winters 8° January 8th, 1886, 10° January 
2nd, 1887, 11° December 22nd, 1886, ll°-6 January 7th, 1887, 12°-4 January 7tb, 
1886. 

Beddington. — Min. 5°'4. No record so low during the last 10 years. 

Eenley. — Min. 6°. No record so low, but observations for two years only. 

Wallington. — Min. 9°'8. No record so low since observations were com- 
menced in 1884. 

EoHAM.^Cooper's Hill. — Min. 19°* 1. The thermometer fell to 19° on 
December 29th, 1889, and lower readings have been recorded in eight previous 
winters since 1874; the minimum during the period was 8°'5 on January 15th, 
1881. 

Cantebbuby. — Miss Metcalfe, referring to the early morning of 4th, writes 
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TABLE II. 
HouBLT Beoordb OF Tkmferatube at GREENwicn, Kew and Faluouth. 



March 3rd. 



Hour. 



I a.m. 

2 



It 
tt 



ti 
I) 
)f 
)t 
It 
II 
II 



3 

4 

5 
6 

7 
8 

9 
10 

II II 
Noon 

I p.m. 
a M 

3 

4 

5 
6 

7 

8 

9 
10 

II II 
Midnt. 



II 



II 



II 



II 



II 



II 



II 



II 



Qreenwioh. 



o 



M 
3 



Kew. 









o 
22*1 

22'4 

22-8 

23'I 

227 

22*4 

21*6 

22'9 

25-0 

27*6 

30*4 
31*9 

31-8 
315 

31*3 

303 
29*0 

28-1 

268 

26'5 
25-4 
251 
25-2 
247 



o 
2*2 



3*9 



4*5 



1*3 






2o 



Falmouth. 



o 

23-2 

22'4 

22*9 

23*4 

237 
23*6 

23*2 

23*5 
24-2 

26'5 

28-9 

302 

307 
31*0 

31*0 

307 
29-9 

29*2 

28-0 

26*3 

257 
25*0 

25-0 
25*3 



o 



• • 

4-8 

4-8 

5*o 
50 

4*4 
3*1 

2*6 

17 
1-8 

2*0 
2*2 
2*2 



i 



fife 
u o 



s 



March 4th. 



277 
27*2 

26*9 

26-8 

26-8 

26*0 

25*3 

25'9 
27'6 

29-6 

307I 
31-0 

31*4 
31*8; 

31-8' 

31*6 

317 
30*8 

297 
29*2 

27*3 
26*0 

26*1 

25*1 



37 
3*2 

2*8 

2*6 
2*4 

2*0 
2*1 

2*3 

2-6 

2*6 
2*9 

40 

4-6 

4*5 
4*8 

4*5 

47 
4*2 

• • 

4*3 

31 

2*6 

3*3 

2*9 



Greenwich. Kew. 






•5'§ 
a a tk 
252I 

•-^ -«H *•" 



o 
22*8 

22*0 

19*8 

i8*9 
1 8*4 
15*2 
14-1 

153 

I9'2 

24-0 
27*8 

31-8 
327 

32-6 

32-5 
329 

31*5 
30- 1 

29*2 

29*2 

304 

31*4 

31*4 
32*6 



0*9 



3-8 



40 



2*9 

• ■ 



i 



3^ 



9 



Falmouth. 



o 

24'5 
23*1 
22-2 
20*3 
19*8 
19*1 
18-4 

2Q'0 
24*2 
27*0 

294 1 
31*0 

33*2 
337 
34*3 
332 
329 
32-0 
31*0 
31*0 

317 
319 
327 
34'o 



o 
2*2 

1*6 

1*5 
o'9 

o*9 

04 

Q*4 

i*o 

1*4 

2*4 

3-8 
4-3 

51 
5*0 

5*3 

51 
4*6 

4*o 

3*2 
3*2 
3-6 

31 
17 

2*1 






5*S 

PQ S o 



o 

26*9 
27*2 
26-6 

255 
25*1 
24*0 
24*1 
24*6 
27*0 
30*1 
329 

339 

351 

363 
362 

368 

35*3 

347 

350 

36*5 
381 

391 
40*0 

40*1 



o 

3*9 
3*2 

27 

2*2 
1*9 

1-8 
2*0 
1*8 
2*0 

« • 

37 
4*o 

4*2 

47 
4*3 
4-8 

31 
3'0 

30 

2*6 

2*5 
2*1 

i'5 
0-5 



that a large rose grower in Canterbury had by this severe night lost nearly ;£800 
worth of roses. 

Brogkham. — Min. 9°. All unprotected tea roses killed to the ground ; also 
many hybrid perpetual roses. 

DORKiNO.— Min. 14°. Temperature has fallen lower only in four winters since 
observations were commenced in 1870, these were IP December 28rd, 1870, 
18° January 8th, 1876, 12° January 15th, 1881, 12° January 17th, 1887. 

Beckenham. — Min. 7°*8. Mr. Bicknell notes there has been skating in 
March in four consecutive years, a very rare, probably unprecedented, 
occurrence. 

1887. March 21 st. Skating in St. James's Park. 

1888. Several days up to and including March 5th. ") a**i. 01- -l* ah i. 

1889. March 6th: "^ t At the Skating Club, 

1890. March 4th and 5th. J Regents Park. 
Eltham. — Min. 10°. The lowest reading during eight years that observations 

have been made ; the next lowest was 13^ on January 17th, 1887. 

Marlborough. — Min. 12°*9. In March 1887 the shade thermometer fell to 
4°*5, and lower readings than in March this year were recorded in eight winters 
since 1865. 

ELuiESTocK. — Min. 16°*6. No March reading so low since observations were 
commenced in 1880, but lower readings in two winters, \az. 10°'l on January 
17th, 1881, and 14°-5 on January Ht, 1887. 

Cranbrook.— Min. lO''. With the exception of 4"^ on January 22nd and 8° on 
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TABLE in. 
HouBLY Becordb OF Babometeb at Greenwich, Kew and Falmouth. 



Hours. 


March 3rd. 




March 4th. 






Greenwich. 


Eew. 


Falmouth. 


Greenwich. 


Eew. 


Falmouth. 


• 




^ 


^ : 


• 




^ 1 

1 i^S, 


• 






^8j 




^a 




-cl 


9 


^a 





>>i. 




i 

eS 


1^ 


1 




a 
1 




g 


PQq 


B S3 


g if 




pq 




pq 




m 


pq 




pq 


« i 




In. 


In. 


In. 


In. 


In. In. 


In. 


In. 


In. 


In. 


1 
In. In. 


X ft.m. 


30-175; .. 


30343 


.. 


30-177 .. 


30296 


— '004 


30457 000 


30-306 —-013 


2 M 


'i84)4-*009 


•355 


+•012 


•175 —'002 


•283 


—•013 


•440 , — 017 


•300 


— '006 


3 M 


•175 ' —'009 


•349 


— -006 


•176 |4-*ooi 
•x8i +'025 


•274 


—•009 


•437 —-003 


'281 


— -019 


4 >. 


•180 +'005 


•346 


—•003 


■255 


— •019 


•424 


—•013 


•263 


—•018 


5 » 


•180 


•000 


•353 


--•007 
- --013 


•185 +'004 


•257 


+•002 


•423 


—•001 


•252 


— -on 


6 » 


•196 


+•016 


•366 


•201 -i-'oi6 


•250 


— '007 


'416 


— 007 


•254 


-}-'002 

+•003 


7 M 


•232 


+ 036 


•397 


--•031 


•225 •4-*o24 


•253 


+ 003 


•416 


•000 


•257 


8 ,. 


•267 


+ 035 


•431 


- -034 


•247 -J--022 


'264 


+•011 


•424 


+ 008 


•256 


— -ooi 


9 .. 


•294 


+•027 


•460 


- -'029 


•257 


-f--oio 


•254 


— -oio 


■419 


— '005 


•253 


—•003 


10 M 


•305 


4-'oii 
4-005 


•469 


--•009 
--•004 


•259 


-j-'002 


•236 


—•018 


•403 


—•016 


•247 


— -006 


" M 


•310 


•473 


•259 


•000 


•215 


— '021 


•380 


— '023 


•238 


— -009 


Noon 


•315 


+•005 


•471 


— '002 


•267 


+•008 


•203 


— -012 


•361 


— '019 


•230 


—•008 


ip.m. 


•310 


— '005 


•467 


— -004 


•271 +-004 


•155 


— 048 


•3" 


—•050 


-204 


— -026 


2 M 


•305 


— 005 


•460 


— -007 


•263 ,— -ooS 


•117 


—•038 


•267 — "044 


•173 


— •031 


3 n 


•294 


— 'Oil 


•455 


— '005 


•261 — "002 


•082 —'035 


•235 


—•032 


•143 


—•030 


4 ., 


'284 


— 'OIO 


.441 


— '014 


•261 "OOO 


•052 


— 030 


•212 — '023 


•131 


— -0X2 


5 .. 


•292 


-J-008 
--•003 


•447 


+•006 


-265 ;4--oo4 
•281 +-oi6 


30030 


— "022 


•182 1— -030 


•lOI 


—•030 


6 „ 


•295 


-452 


4--005 


29*996 


•034 


•149—033 


•091 


— 'OXO 


/ ^ " 


•300 


--•005 
--•002 


•459 


+•007 


1 '301 4''020 


•965 


— 031 


•125 


—•024 


-063 


—•062 


' 8 M 


•302 


'460 


+•001 


•319 


-J-OI8 


•926 


—•039 


, '079 


— "046 


-040 


—•039 


9 M 


•298 


— -004 


•456 


— '004 


1 -323 


4--004 


•870 


— 056 


30031 


—•048 


30-017 


— '0X4 


'o .. 


•305 


+•007 


•464 


+•008 


•325 


+•002 


•823 


—•047 


29979 


— -052 


29973 


•;— -006 


i? " 


•310 +'005 


•471 


+•007 


•321 


— -004 


7«5 


—•038 


.941 


— 038 


•937 


— -004 


Midnt. 


30*300 — -010 


30-457 


—•014 


30-3 19 


—•002 


K9744 


— '041 


29897 


—•044 


29-881 1 — -0161 



January 28rd in 1881, no lower reading has been observed during the last 25 
years. The next lowest reading in March was 19° on the 11th, in 1874. 

Tektebden. — Min. 14°. Nothing lower since January 1881, when 10° was 
registered on the 22nd. Mr. Mace remarks : " Shrubs are not much cut up here, 
but on low ground at Pluckley, Bethersdon, Headcom, and Bomney Marsh, 
they are badly damaged, evidencing much lower temperatures." He has also 
heard of a Six's thermometer falling to 6° at Tenterden, but it was not properly 
screened. The time of greatest cold is thought by men who were out early to 
have been about 6 a.m., and as not having been nearly so keen at an earlier 

hour. 

Pabkstone. — Min. 18°. This is the lowest temperature registered sinoe 
observations were commenced in April 1882, the next lowest was 18''*2 
December 11th, 1882. 

Eastbourne. — Min. 19°-5. Lower in three winters since records commenced 
in 1880. 14° in January 1880, 12°-8 in January 1881, 17°-9 in February 1888. 

Briohton. — Min. 20°. No record of such cold in March, at any rate not for 
the last 45 years. 

WoRTHiKo. — Min. 19°*4. Observations recorded since 1855. One instance of 
a lower March temperature, 18° in 1867. During the 85 years a lower winter 
temperature has occurred in 6 years. 

ToTLAND Bay, I. W.~Min. 28°. The lowest reading during the last fouif 
years. 

Southboubne-on-Sea.— Min. 18°-4. The lowest record in March during the 
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BODBLT EeOOKDS i 



TABLE IV. 
p Wind at Guenwioh, Kew urn Palvoutb. 



Hoar. 


Maroh 3rd. 


Much 4tll. 1 




Kew. 


Ftlmonth. 


Orecnwioh. 


Sew. 


F»lmonth.j 






. , 














































1 


1 


1 


1 


1 


1 


,0 


1 


I 


1 


1 


1 




Q 


> 


'^ 


> 


Q 


> 


s 


> 


'^ 


^ p 


> 






T 




^ 




T 




i 




3 




T 






s 




i 




^ 




^ 




1 




I a.m. 


NE 


t& 


NNE 


13 


NE 


^3 


NE 


6 


N 


8-5 


NEbN 


95 




NE 


15 


NbE 


15 


NE 


23 


NE 


fi 


N 


6-5 


NEbN 


TS 


3 '< 


NNB 


i8 


NbE 


.5 


NE 




N 




N 


3*5 


NEbN 


5"5 


4 ■• 


NN'E 


13 


NbE 


,5 


NEbN 


'9 


E 




N 


3 


NEbN 


65 


5 " 


NfJB 




NbE .4 


NEbN 




NNE 




N 




NE 


4'5 


6 .. 


NE 


IJ 


NNE 1 16 


NE 




W 




N 




NE 


4'5 


7 .. 


HE 


9 


NEbN, 15 


NE 




W 


4 




3 


NE 


4'S 


S .. 


HE 


S 


NEbS' S-5 


NE 




sw 


3 


N 




NE 




9 ■' 


ME 


6 


NEbNi 7'5 


NE 


23 


8W 


G 


N 


4 


NE 6'5| 




NE 




NEbs! r? 


NE 


26 


8W 


3 


N 


5-5 


NEbN . 4 




NNE 




NE 


17 


NE 


25 


wsw 


9 


NWbW 


5*5 


ENE 7-sl 


Noon 


NNE 


19 


NEbN 


16 


NE 


14 


W8W 




WSW 


8-5 


EbN 


6-1 


ip.ni. 


NNE 


i8 


NEbN 


15 


NE 


24 


sw 


„ 


SW 


10-5 


E 


4 '5 




NNE 


iS 


NNE 


17 


NEbE 




sw 




SSW 




SSE 


55 


3 M 


NNE 


15 


NbE 


ik 


ENE 


18 


sw 


'3 


9W 


14 


SbE 






NNE 




NbE 


iG 


NEbF 


18 


BW 


16 


SWbW 




3 


S'Si 


5 ■■ 


NNE 


15 


NbE 




NEbE 


15 


sw 




SW 


13 


ISSW 


8-^ 




NNE 




NbE 


'4 


NE 


16 


aw 




sw 


13 


WKWiij" 


7 ■■ 


N 


■3 


NbE 


IQ-5 


NE 


13 


sw 


19 


SWbS 


15 


WSWiii 


S ., 


N 


14 


NbE 


9" 5 


NE 


13 


sw 


19 


&\ns 


■ 8 


WbS .7 


9 ■> 


N 




N 


10-5 


NEbN 


7*5 


sw 




sw 




wsw 19 




N 




N 


10-5 


NRbN 


7*5 


sw 


23 


sw 16 


WbS 114 




N 




N 


9"5 


NEbN 


6'5 


sw 


25 


sw '16 


WbS p3 


Midnt, 


NNE 


1 


N 


95 


NEbN 




sw 


_^5_ 


SWbW I16 


WbS I17 



Iwt 24 years. Only five winters with so low a temperature — the lowest 10°-fi on 
Janoarj 14th, 1667. 

RoDSDON. — Min. ie°-2. The lowest reading since observfttionB were com- 
menced in 1886. 

Enoland, S.W. 

St. David's,— Min. 24''-3. No record of so low a reading in any winter since 
observations were commenced in 1878, the next lowest was 24''-4 March 2nd, 
1B88. 

Weston- snpER-jcARE. — Min. 21" -2. Lower t)ian in any March since 
observations were commenced in 188S, but lower roadineB occurred in Jnnnnrj 
1887 and 1889. 

ILFRACOMBB.—Min. 28°'6. The temppraturc fell to 2ft° March 11th, 1836. 

AsHBURTOK. — Min. 22°-6. No S[arch reading so low since observations were 
commenced in 1881, but lower in two winters, la'S January 22nd, ie>ll, and 
W-7 February 25th, 18B8. 

Babbacombe.— Min. iM°-5. Lower in March in five years since 1876, and 
lower in nearly every winter; lowest IC'B January 20th, 1881. VcRetation 
very much bomt np. The dryness throughout the frost was very remarkable. 

GCBKNHEY.— Min. 27°-8. Observations from 1881 do not show so low a record 
in March. 
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Tables 11. III. and lY. give the hourly valnes of temperatnre, pressure, and 
wind obtained from the continnons records. The absolutely lowest tempera- 
tare occurred at 6.50 a.m. on the 4th, both at Eew and Falmouth, and was 
said to be shortly before 7 a.m. at Greenwich. It will be seen that the air 
was very dry at all three observatories for some hours before and after the 
period of greatest cold, also that the fall of barometer which was in full 
progress at the commencement of the 4th, due to the southerly movement of 
the high pressure system and the incoming influence of the approaching 
cyclonic disturbance, was checked about the time of maximum cold, and 
a slight temporary rise is shovm at each observatory ; this movement is 
equally well marked after applying the diurnal range correction. The wind 
observations show a calming dovm of the atmosphere, the movement of the 
air being almost imperceptible for a few hours when the temperature was at 
its lowest. The latter feature is by no means uncommon during periods of 
very low temperature, and is doubtless intimately associated with intense 
radiation. In the present case, however, the terrestrial radiation was 
exceptionally small, a fact which was very prominently noticed by several 
observers. The hourly values certainly seem to point to a descending current 
of air, but proof of this is by no means easily secured. 

At Greenwich the thermometer in the shade registered ld^*l on the 4th, 
which has only once been equalled in March during the last 100 years, a 
precisely similar reading having occurred on March 14th, 1845. During the 
last half century the temperature in March has previously fallen below 20^ 
in three years only, whilst, during the whole winter, so low a temperature 
as IB^'l has only occurred in eight years. 

On the grass, exposed to the sky, the thermometer at Greenwich fell to 
8°*6, which is lower than in any March since 1866. 

An unusually high temperature also occurred at Greenwich during March, 
the shade thermometer registering 68°'8 on the 28th, a reading which has 
only been exceeded in March on two days during the last 50 years. The 
range of temperature at Greenwich, which amounted to 55°'7, was larger than 
in any March during the last half century. 

Table V. gives the Greenwich temperatures during the last half century for 
March, as well as the lowest shade temperatures for each winter. 

I would, before closing this paper, thank Mr. Scott and the Meteorological 
Council for allowing me free use of the information in the Meteorological 
Office, also Mr. Marriott and the Royal Meteorological Society for the use of 
its valuable returns. I would also acknowledge the ready assistance given by 
Mr. Symons, and by all who have so cordially assisted by the prompt supply 
of their observations. 



DISCUSSION. 



Surgeon-Major Hale inquired whether Mr. Harding conid mention a possible 
or probable caiise of the very low temperatures recorded in Surrey, as from its 
southerly position the cold might reasonably bo expected to be less severe there 
than in more northern localities. 
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Mr. BosTBON remarked concerning Dr. Hale's inqtdryi that possibly the low 
temperatures experienced in Surrey were due to the natural configuration of the 
dtflirict« His house at Beddington, where a minimum temperature of 5° was 
registered, was situated close to the river Wandle, running East and West, and 
laid low. The soil was chalk. One feature in connection with the weather 
enerienced during the month was the extraordinary range of temperature, the 
di^erenee between the extreme temperatures recorded being 62°. He should 
like to know whether so large a range had ever been observed in any other 
month. 

Mr. Gastbr said it was a comparatively easy matter to explain the meteoro- 
logical conditions over the British Isles which caused the spell of cold weather 
as felt over the kingdom generally at the commencement of March : but the 
extreme cold ex]^rienced in certain parts of Surrey and Norfolk did not admit 
of easy explanation, and in fact he could not at present pretend to account for 
the severity of the frost in those districts at all. He proceeded to illustrate on 
the blackboard the distribution of pressure over Scotland and England during 
the first four days of March, and described in detail the progress Southwards of 
the anticyclone from day to day, showing how these changes had produced the 
frost experienced over the country at large on the 8rd and 4th. An examination 
of the thermograms from the Glasgow Observatory during this period proved 
that on the 8rd, under the influence of an incoming Westerly breeze, the 
temperature rose from about 25° at 6 a.m. to S9° by about 1 p.m. : during the 
following night the air maintained this temperature, there being hardly a degree 
of variation throughout the night, while over England, where Easterly breezes or 
anticyclonic air still held, the thermometer fell fast. But the difficulty was to 
exphun why, just in certaiu limited portions of the South-east of England, such 
exceptionfJiy low readings should have been recorded. Terrestrial radiation was 

S;ht, 80 the extreme cold could not have been due to that cause. He could 
y surmise that some down-draught of air might have occurred locally and 
produced the intense cold, but of this there was at present no evidence before the 
Society. 

Dr. Makcet said that on reaching his house in Wimbledon Pork on Tuesday, 
March 4th, about 11.80 p.m., he Avent to his thcrmomoter screen and found the 
temperature was, as fiur as he recollected, 23^. The next morning the miTiimniTf 
thermometer indicated 18^*8, showing that the minimum must have occurred 
sometime between midnight and sunrise. Ho had frequently observed the 
temperature to be lower about 8 or 9 p.m. than at 11 or 12 p.m. the same night. 
The maps illustrating Mr. Harding's paper showed that the sea-side stations 
were much warmer than those inland. He should like to know whether Mr. 
Sarding had any records of the temperature of the sea on the South and East 
eoABtSy and also whether sea-fog was prevalent on the morning of the 4th, as 
there must have been considerable difference between the temperature of the sea 
and the temperature of the air. 

Mr. Stmons said that respecting the area of greatest cold, he had been very 
xnnch surprised, when investigating the frost of 1B67, to find how severe that frost 
was in the Thames Valley. The frosts of 1838, 1860, and 1867 were all very 
severe in the same district. It would be interesting if observations concerning 
the changes of wind at Greenwich Observatory or elsewhere in March 1890 
oonld be given, as evidence might thus bo obtained of any down-draught of air 
such as mentioned by Mr. Gaster. 

Mr. Southall remarked that Mr. Symons appeared to class the frosts of 1860 
and 1867 together. Possibly in the Thames Valley these frosts may have been 
umilar, but the frost of 1860 was the much more severe of the two in the Wye 
Talley. On March 13th, 1845, the Wye Avas frozen over at Ross ; a phenomenon 
which does not occur once in a space of 60 years. A fair was held at the time 
and it was stated that icicles a foot long hung from the animals' moullm. 

Mr. Bayard said that on January 7th and 8th, 1880, during a niinilarly cold 
period in this same district in Surrey, some very low temperatures were regis- 
tered. The figures were printed in Si/motis*s Monthly Meteorological Masazine 
for 1886, p. 11. ^ 

Mr. Tbipp remarked that some years ago, when in South Africa, he had made 
obseri'ations of air temperatures at two adjacent stations, one situated on a hill 
and the other in a valley ; and had found that the extremes recorded were much 
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greater in the valley than they were on the hill, while the means were much the 
same. 

Mr. Dines inquired if there was any record of the depth of snow on the 
groondi as he thought these low temperatores generally oocnrred in the deep 
snow. At Hersham the temperature fell to 18 *8, but there was no snow, and 
this low temperature struck him as being very remarkable. 

Mr. BosTBON said that at Beddington there were two inches of snow on the 
ground. 

Mr. Marriott said he was much struck, when reading his instruments on the 
mornings of the 8rd and 4th, with the very little difference between the 
temperature of the air and that on the grass ; and he did not think that the low 
temperatures recorded were due to radiation. There was no wind in the 
nei^bourhood of London, but in the north a strong wind was blowing. 
Begarding Mr. Southall's remarks concerning icicles hanging from a horse's 
mouth, Mr. E. J. Lowe told him that during the winter of 1860 he had seen 
icicles of considerable length suspended from a horse's mouth. 

Bev. G. T. Btves gave particulars of the temperatures recorded at Tean, 
Stafforddiire, during this cold period, and remarked that the most interesting 
point in connection with this frost was to explain why the extreme cold occurred 
where it did. 

Mr. SouTHALL inquired whether the effect of the low temperatures on 
vegetation was very marked. 

Mr. BosTRON said that he had noticed that Evergreens in the neighbourhobd of 
Beddington were much shrivelled : Euonymas severely ; Boses, Evergreen 
Oaks, Portugal Laurels badly, and even Yews were touched. 

Mr. G. Hardino in reply said that respecting the cause of the extreme cold 
over parts of Surrey and Kent, he was inclined to the opinion that it was due to 
a down-draught of air. The whole district affected lay between the Easterly 
current of the anticyclone and the Westerly current of the cyclonic system to 
the North and West ; the air bein^ comparatively calm in the locality of the 
severe temperature. He hoped that the hourly readings from Greenwich, 
Eew, and Falmouth, which are given in the Paper, might help forward some 
explanation of the cause of the intense cold. Begarding the time at which the 
extreme temperature took place, Mr. Mace, at Tenterden, remarked that the 
greatest cold occurred at about 6 a.m., men who were out of doors stating thti 
before that hour the air was not nearly so keen. He had hoped to make a 
comparison between the frost in March 1845 and that recently experienced. Mr. 
Glaisher had stated that the temperature experienced in 1845 was unprecedented. 
He had not been able to look into the question of sea temperature, but with 
regard to the condition of the sky during the period, the 8rd was clear, while 
the 4th was cloudy. He was surprised to hear that no snow remained on the 
ground in the neighbourhood of Esher, as in the suburbs of London the snow 
remained until well after the frost. 
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THUNDERSTORM & WHIRLWIND AT YORK, 

SATURDAY, MARCH 8th, 1890. 

By J. E. CLARE, £.Am B.Sc. 
(Gommonicaied by B. H. Scott, F.B.S.) 

(Plate V.) 



[Read April 16th, 1890.] 

Ths weather daring the morning of March 8th had been rather unsettled, bat 
without rain, and at noon showed sufficient signs of improvement for us to plan 
an afternoon expedition. Towards two o'clock, however, a heavy cloud began 
to gather in the North-west, and, soon after, thunder was heard. Approaching 
rather rapidly, rain began between 2.15 and 2.80, in the locality where 
1 reside (I.).^ This is on the outskirts of York, 600 yards due north of the 
Minster Chapter House (Vlll.).^ Soon hail began to fall, as the flashes 
became frequent and near ; although they were not very vivid nor was 
the thunder very loud. 

The hailstones came very thickly for 5 or 10 minutes, in some cases being 
as large as hazel nuts. The wind. West-by-north, was only strong enough to 
blow them in about 2j^ or 8 feet at a doorway 7i feet high. The hail outside was 
quite soft, the hard core being surrounded with irregular, snow-like masses, 
in a state of semi-slush. Enough fell here just to whiten the ground. The 
fall is said to have been heavier and the stones larger in the central and 
Bonthem parts of York, especially in Parliament Street. There, however, 
the weekly uncovered market made it so unwelcome as to produce exaggeration. 
The size was given '* as big as one's thumb." 

Although there is no rain-gauge in the central parts, the amount did not 
probably vary very much, as the following totals indicate. The order 
is from North to South : — 



n. Bootham School gauge 
m. Museum gardens 

IV. Cherry Hill 

V. Mount School 

VI. Mount Villas^ 






From Minster Chapter Bainfall. 

House. Ins. 

1.400 ft. 50°WofN 0-17 

1,800 ft. 110°WofN 0-16 

8,450 ft. 176^ W of N 0-18 

5,150 ft. 150°WofN 0-17 

8,300 ft. 155°WofN 0-17 



1 These nombers refer to refereuces on the map (Plate V.). Boman numerals to 
points in the City> Plate V. is a reproduction of the Ordnance Survey Map on a re- 
duced scale. 

" These numbers also include slight falls later in the day. 
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During the stonn it grew very dark, yet not so as to make lights necessary. 
The cloaJ passcvl over U> the South-east, we being apparently on its North- 
eastern fringe. The lightning was nearer on the Sonth of York. Two 
of onr boys, from Bootham School, were returning up the steep bit of 
hill from the race-course to the Mount (VII.), when a vivid flash 
was accompanied by simultaneous thunder, ** which quite made me/' says the 
writer, •* feel funny." It ** struck a pool of water about 4 feet in front of us, 
and sent the water aside to right and left.'* I should judge that the 
main flash was more distant, the splash being due to one of its ramifications 
along the drenched highway. 

The storm was equally violent in other parts of the East and West Ridings. 
I noticed limbs off* two trees near the point where the North Eastern 
Railway crosses the Wharfe at Bolton Percy. At Dewsbury it attracted con- 
siderable attention, and it has been reported to me from Rawdon, near 
Leeds, and from Bradford, where it occurred at 2 p.m., or about half an hour 
sooner than at York. At Huddersfield, too, the record was ** thunderstorm 
from 2 p.m." At Driffield, 28 miles East-by-north, occurred ** Heavy 
thunder overhead at 8.25 ; squall of wind and rain from West-north-west at 
4.16 ; force 5." 

At my house all was practically over at 2.45, and there were at first signs 
of the afternoon clearing, although rather a strong South-westerly breeze 
was now blowing. The wind, however, came ut times in very strong gusts, 
often accompanied with slight showtrs, from a little South of West. 

Of the •* whirlwind " I did not hear bi'fore Mondav, and could not 
go to see any of its effects until three weeks later. Since then I have 
examined its course, except just at Water FulforJ, and after it had crossed the 
long approach to Tilmirc Common. Some of our boys* kindly investigated its 
track East of the Ouse on half-holiday afternoons, by aid of a tracing from, 
the 6-inch Ordnance map. 

A fairly correct account is given in the Yorkshire Herald, March 10th • 
The Yorkshire Chronicle mentions that, at Heslington, a woodshed belongin.^ 
to Mr. Hills was blown down. 

Outside the narrow track no damage whatever appears to have been done? 
near York. The time was given mo by the Head Gardener at Bishopthoi-j>e 
as 2.40 or 2.45 p.m. Both he and Captain Key, at Rose Hall, Water 
Fulford {vide infra) , noted that it was during the thunder and lightning. As 
Bishopthorpc is 8j miles South-by-west from my house, the course of the 
thunderstorm makes this agree with the time when it would be drawing to a 

close. 
The gardener informed me that the wind had begun to rise some fire 

1 Egbert C. Morland, after preliminary surveys on tho lOtb, went over the ground 
from •• 38 *' to '* 75 " on the I2tb, with C. H. Merz. On the 15th F. G. Fryer and A. 
Beale worked backwards from Heslington ("110" to "79"). W. Stephens noticed 
** 37 " on the 8th, an hoar after the storm, bat did not see the havoc across the rivei! 
J. H. Fryer and E. C. M. noted •• 111 " and •• 112 " on the 19th ; on the 26th J. P. J. 
Malcomson and L. Baker took a few photographs. I have examined Kos. '* 1 '* to ** 37 '* 
and ** 65 " to «• 93 '' ; also " 38 " to " 64 '* from across the river, except «*48'' tc **61." 



CLABK — THI7NDERST0BM AND WHIBLWIND AT YORK, MABGH 8tH, 1890. 171 

minutes before, and that there had abready been some strong gasts. He was 
just outside his back-door, looking North over the Archbishop's kitchen 
gardens. So deafening was the rush of wind that he was not aware until 
after, of the destruction of two magnificent elms, not 80 yards away, nor of 
the branches torn from other trees along the road- side on his right, and in 
sight of him. 

On April 2nd, Mr. Richard Thompson called upon Capt. W. H. Key, 
of Rose Hall,' 4,800 fb. East-north-east from this cottage. He was with his 
foreman in the fields near by. They had taken shelter in a strongly-built 
hut, within 100 yards of four of the shattered trees, yet nothing was heard 
except the wind. 

According to the gardener the gust lasted about half a minute. *' It was 
over before we had time to be frightened, or run out to see what it was,'* 
said the good woman of a cottage near Rose Hall. 

The first undoubted signs of damage are at a point nearly South-south- 
west (155^ W of N) from the Minster Chapter House, and exactly 8 miles 
away. The cyclone ended 2} miles to the South-east-by-east (120^ E of N), 
having travelled 8f miles, measured in a straight line, from West-south-west 
to East-north-east (69^ E of N). Slight detours make its whole track about 
4^ miles in length. 

Two hundred yards West-south-west of the first barn is a small plantation. 
From this, possibly, a few small larch branches were torn off ; but, as wood- 
men had been at work, it was difficult to be certain. Copmanthorpe lies just 
a mile further westward. Here there are no signs of any damage. 

The course of the storm to the Archbishop's grounds, } of a mile, is a 
straight line. Thence it swerved slightly northwards along the Ouse, affecting 
at first only the North bank of this North-east-by-east reach. Then, sud- 
denly, two fields before Rose Hall, much damage began on the south bank. 
Its direction continued unchanged over Water Fulford. 

Here the Ouse comes down from the North- west-by-north, making a bend 
of more than a right angle. The North-east-by-East line, however, is con- 
tinued by a small stream or drain, 4 to 5 ft. wide, running to Heslington. 

The storm continued up this to a point 1^ miles from the gardener's 
cottage, and two fields short of the Tilmire approach. Here it seems to have 
been deflected, springing up again to the South-east ; for only a few twigs are 
touched on a single tree in the next 800 yards, whilst two trees 400 
yards to the South-east are much damaged. Tilmire appears to have been 
reached along this same line, 500 yards from the original direction. Towards 
this it now turned, or rather, perhaps, the storm was resumed over the whole 
of this width. It narrowed down again, however, while approaching 
Heslington, but here an apple-tree was damaged 400 yards North of the 
main line. Reaching the road to Langwith it ended its serious damage by 
untiling another bam (and seems to have turned South-east, following the 

^ I have also had some correspondence with and verbal information from him. — J. E. 
Clark. 
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road to the comer of " Langwith LoDg Lane/' where a small bongh was taken 
o£f a comer tree). 

We come next to the more serious damage done by the storm, and the 
evidences of its strength and extent.^ 

The '' barn " (1) (Plate V.) at which it began is now dismantled and roofless, 
its gables facing sqnare to the storm. That at the South-west is under a well- 
grown oak. This tree was untouched, except in one or two small twigs, yet the 
gable-end of the bam was blown over. It formed a triangle of well-built 
brickwork, 18 ft. long, 7 ft. high, and 10 ins. thick. Nine hundred feet, 
almost due East of the bam, a few twigs were gone from an elm (9) between 
an untouched oak and ash, 85 yards apart. Nothing but small branches were 
touched on intermediate trees. The hedges, it may be noted, along the whole 
track are nearly all either parallel to or at right angles with the East-north- 
cast storm-track. 

In the next hedge, howeyer, and nearly 100 yards East-north-east of (9), 
a large ash (10) was much wrecked. Four branches were o£f, one 89 ft. long 
and 1} ft. in diameter. Another, 16 yards North of it (11), was untouched, 
and so was a thom 60 yards to the South. Here, then, the track must have 
been very narrow. So it was 2,800 ft. from the bam, where an oak (15) on 
the far side of the road was injured, whilst ash trees (14) 20 yards North and 
South on the other side, were untouched. 

Crossing the next field, it uprooted a fine ash (16), 2| ft. in diameter, and at 
the next hedge three ashes (17, 18, 19), the outer ones 50 yards apart, were 
affected. In the next field a row of ashes were injured, and one (22), being 
unsound, was snapped off, although 8 ft. across. Then came the greenhouse 
and gardener's cottage (25). The former lost a chinmey and the latter a few 
tiles. Across the road, in the Archbishop's grounds (26), two grand elms went 
down on the Southem edge of the track, a plane tree close to the more Southerly 
elm being untouched. The next three to the North along the roadside lost 
their tops, while hollies, &c., in between, suffered, the whole width bein^ 
60 yards. Slight damage was done over yet another 80 yards (28) and moro 
among the trees within the grounds (29). 

As it followed Wall Ridge Reach of the Ouse, the little damage done at first 
was to ashes in a hedge 20 or 25 yards back from the right bank (81, &c.). 
Two fields before Rose Hall, however, on the left bank, a row of fine elms, 
almost North and South (88, 89, 40) suffered severely. Three next the river 
were uprooted, one of 4 ft. diameter and 80 ft. high. The last affected, 180 
yards South of this one, was snapped off at 20 ft., where it was 2^ ft. 
in diameter. 

In this row was a rookery, and some rooks were actually killed by the falling 
branches, not being able to escape. 

As the other bank of the Ouse was also affected the width of the storm 
track here must have been at least 250 yards, nor could it have been much 
less as it swept over the slight rise (of glacial clays and gravels) just at 

^ The pottitions of damaged objects are shown ou the map, Plate V., by Nos. The 
positions of undamagt^ objects along the track of the storm are indicated by fainter Nos. 
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the river bend, on which Rose Hall is situate, with farm baildings and 
eoitageg. These, and the gardener's cottage above, are the only houses in 
the whole 4 miles, although the three villages of Bishopthorpe, Fulford and 
Heslington lay but 200 or 800 yards ofif the storm track. 

Rose Hall (45) lost its South-east chimney and tiles. The inner North- 
east angle of the farm buildings beyond was untiled. Next, many stacks in 
the stack yard (49) were upset or scattered, the hay lodging in the trees to 
the East-south-east up to a height of 40 ft. Yet other stacks were most 
capriciously left untouched. A large and new Dutch bam (51) was turned 
over, landing the other side of the hedge. Just opposite here the barge of 
Mr. Palmer (47), under the North bank, broke from its stout moorings *' as if 
they were cords," its little boat being swamped, whilst the barge itself rocked 
very much. Indeed the wind seems to have been as violent as anywhere in 
the half-mile between the above-mentioned elms and Dam Lands Lane. 
In the dip of the stream two ashes (58) and a splendid oak (55) wore uprooted. 
The photographs exhibited to the meeting show this oak and an ash (57) near 
the othel* two, from which a bough 1 ft. iu diameter was carried 50 ft. 
Others show a willow (41) near the great elms. 

Many trees, especially willows, had the bark stripped off branches and twigs. 

Crossing the field containing the great oak, we reach Dam Lands Lane, 
where were grouped (60) a bam, half untiled and blown askew, three shattered 
ashes and a demolished haystack, much hay from which was in the next two 
hedges, for a width of 50 yards. The storm seems to have contracted here 
to this width, and so to have remained until near the Tilmire Approach. Of 
over two dozen trees, injured in this } mile section, none were snapped off or 
uprooted. Such began again upon its crossing the strip of common (89) and 
continued to Heslington (95, 100, 105, 110). One bough was blown right 
across the Common, 90 yards, into the opposite hedge. 

Just before Tilmire Approach there was again a sudden development 
of activity to the South of the previous line of advance, so that the line of 
damage along its further hedge facing West-by-south is about 700 yards long. 
It again contracted towards the main line, but seems to have widened again at 
Heslington, spreading out to the North-east and South-east. After the bam 
(109) comes half a mile of treeless, newly-enclosed fields ; beyond which 
fresh signs of damage have just been discovered. 

Papers sent me by Mr. R. H. Scott show that the same, or simultaneous 
storms visited other counties on Saturday afternoon. Nottingham and 
Lincolnshire appear to have been affected about 1^ hours later, and Leicester- 
shire 2i hours later. Mr. C. J. Bromhead reports damage in Lincolnshire, 
especially the dcstraction of a windmill at Heckington. The wind velocity at 
Bidston, near Liverpool, at 2 p.m., was 84 miles per hour. West-south-west ; 
** a high velocity for the station." 

We come next to the barometric conditions. The 8 a.m. chart shows three 
depressions ; 28*8 ins. North-west of Scandinavia, 28*8 ins. over Finland, and 
an approaching and increasing depression of 29*2 ins., or lower. North-west of 
Ireland. There were also two secondary depressions over the North Sea, and 

NBW SERIES. — VOL. XVI. N 



1T4 OLUK — THUNDKBBTOBH AND WamtWlND AT TOBX, HABOB 8tH, 1690. 

apparently a third over, or South of, St. George's Channel. The hi^ 
pressure area lay over the Pyrenees, 80-0 ins. Henoe, natarally, the fore- 
easts predicted " squalls, some rain." 

At 2 p.m. (Fig. 1) pressore aeoms to have slightly increased over Bontli-weBt 
France, and the three depressions had moved forward, that off Ireland giving 
28'98 ins. as the reading at Ualin Head. PreBsnres over Bngtaod had 
decreased more than over the North Sea, where the isobars sow hent north- 
ward. A well-marked secondary depression, of which the 8 a.m. chart 
gives no indication, lay North-west of York, the 29-2 ins. isobar enrviug 
sharply ronnd on the Son th-sonth -east. A corresponding bend affeots all the 
isobars from 29-1 ins. to 29'6 ins., their apices mnning in a onrve from 
DamfKes, vift York, Leicester, Oxford and Weymoath, to Sontlt of Land's 
End. 




Fio. 



The secondary depression is well shown npon the accompanying i aneroide- 
grams (Figs. 2-6). Taking that at York (which was about 10 minntes fast 
on the 8th), we see that a rapid fall daring the morning was checked soon 
after 2 p.m., a slight rise oceorring abont 2.80. Then the fall continued 
unUl 8.80, when there was a yet more marked recovery, followed by a fur- 
ther alight M until 10 p.m. At midnight there began a rapid and steady 
rise of over 0-9 ins. in ^ hoars. 
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Three other barograms have been kindly supplied : — 

(1.) Mr. C. L. Brook, of Meltham, near Haddersfield ; scale 6 inches to the 
barometric inch and 4^ ins. to the day, clock right within 5 mins. ; this is 
88 miles South-west from York. 

(2.) Messrs. Reynolds and Branson, Leeds; 28 miles Sonth-west-by- 
west from York; scale 2 ins. and 2^^ ; jadged by York and Huddersfield, it 
would seem to be at least an hour fast. 
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(8.) Mr. H. Mellish, Hodsock Priory, near Worksop ; 46 miles South 
from York. Scale same as York (Richard Frdres of Paris), 1 in. by 1^ in. ; 
corrections to mean sea level, — 0*04 in. Clock a little fast. 



176 CLARK — THUNDEBSTORM AND WHIBLWIND AT TOBK, MABCH 8tH, 1890. 

They all boar a striking rosomhlanco, showing the panse in the faU, the 
further fall, and sadden, almost perpendicular rise of 0*03 to 0*04 in. ; a 
further gradual fall, soon after the cessation of which comes a very rapid, 
prolonged, steady rise of 0*9 to 1*0 in. 

The splendid Huddersfiold barogram shows some interesting details. At 
2*80 is a sudden fall of abont 0*006 in. with an almost immediate recoTory, 
followed by a second fall of half the amount. 
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These came just an hour before the rise of 008 in., as was the case, too, at 
York very slightly later. The Worksop interval is also an hour, but comes 
a good hour later, or at 6 o'clock. Rev. W. C. Ley, at Lutterworth, 96 
miles south of York, reports a ** great jump " during the thunderstorm and 
violent hailstorm, which began at 6 p.m. If (which is unstated, however,) 
the interval between the storm and the jump was the same as at York and 
Huddersfield, the ''jump" must have been a little after 6 o'clock, when it 
was "slowly clearing in the north-west." The "jump" was during a 
** wind swirl." 
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From all the data the storm seems to have stretched from North-north- 
east to Soath-south-west at least 60 miles, its northern extremity reaching 
rather North of York. Its line of advance, however, would seem to have 
been towards the South-east or South-south-east. The latter would bring 
its southern end over Lutterworth, and account for the heavy thunder at 
Driffield at } of an hour later than at York. The advance may, perhaps, 
have followed the isobar down-curves already described. 

The *' whirlwind " at York resembled rather a remarkably strong squall, 
perpendicular to this line of advance. There are no definite signs of a real 
whirl, except that most damage was done along its southern edge ; curiously, 
also, branches on the southern side of trees seem to have suffered worst, and 
any sudden accession of width came on the same side. As a fact, although 
Captain Key speaks of it as more violent than any wind he ever felt, its force 
was not very great for a real whirlwind ; it nowhere levelled everything before 
it. Its capricious action is very striking. In one case. Captain Key says, a 
tree facing the storm was untouched, whilst one behind it was uprooted. Its 
connection with the violent cloud-changes, common in thunder-clouds, is 
interesting. '* It appeared to me," writes Captain Key, " as if two angry 
thunder-clouds met over the Archbishop's Palace at Bishopthorpe (1,800 ft. 
South-west-by-west from his position), one coming from the South, the 
other from the North-west." Then <' there was a sort of roar," the hut 
trembled, and all was over in less than a minute. Lightning flashes were 
noticed both before and behind in the line of the storm, and it darkened per- 
ceptibly. 

At York, judging from the 2 p.m. chart, the storm was in the customary 
South-eastern octant of the main depression and of the minor depression 
as well, and occurred everywhere about an hour before the centre of the 
latter traversed the district. By 6 p.m. the main depression was near 
Glasgow, and had slightly filled up. Next morning it was at Christiania ; 
pressure, as said, had rapidly recovered over England, where clear, cold 
weather prevailed, with moderate North-westerly breezes. 



DISCUSSION. 

Mr. Marriott gave an account of the great American Tornado of March 
27th (p. 187). 

Mr. Symons said that the account of the whirlwind near York showed that 
the structural damage done was due to the expansion of air within the buildings 
as the wind passed over or near them, the bams being probably empty at tins 
season of the year. He then made some remarks concerning American tornadoes, 
quoting an instance given in Ferrel's Popular Treatise on the Wind, illustrating 
the up-lifting power of these phenomena. He further said, concerning the force 
with which objects were htirled by the wind, that in the case of a whirlwind at 
Baldock he had foimd slates firmly embedded in the trunks of Uving trees. 

Mr. SouTHALL remarked that the expansion of the air theory would not apply 
in the case of damage to trees, which were often cut through, as if by an axe. 

Mr. Symons said that he did not of course mean to say that all the damage 
done by a whirlwind or tornado was due to the expansion of the air, but that 
much of the damage to buildings was so caused. He could quote several in- 
stances in support of his statement, the case of a pair of houses damaged at 



178 DISCUSSION — THONDEESTORM AND WHIBLWIND AT TOES, XABCH 8tH, 1890. 

Wolmer, in Kent,* being an especially good illustration of the outward force 
exerted by the air. 

Dr. Marcet stated he was not quite prepared to accept Mr. Symons's theory 
that the damage caused to buildings was due to the expansion of the air inside. 

Mr. Tripp said that he had watched roofs being earned away by gales of wind, 
and had noticed that thev were raised up and then droppe4* 

Mr. Clark subsequently wrote to the Secretaiy : — 

"In reference to the discussion on the whirlwind at York, I fancy Mr. 
Symons has misinterpreted the fiEbcts as to injury to bams. The mischief was 
done, rather, by the wind getting inside. Of course in the Dutch bam, — ^a roof 
on stilts, — there could be no outward pressure of the kind supposed. 

" In reading Mr.|H. A. Hazen*s interesting papers on Tornadoes, now appearing 
in Science, I have been struck by numerous points of resemblance, tms being 
indeed a tornado in miniature. Among these are (1) the meeting of two clouds 
to the South-west-bv-west ; (2) the overpowering roar, deadening the crash of 
fsJling trees ; (8) the definite and narrow liznits of width ; (4) the rapidity of passage ; 
(5) the association with a thunderstorm ; (6) the position (as with most munder- 
storms) in the South-east octant of the depression ; (7) the absence of any conclusive 
proof of a true whirl : (8) the absence of any barographic sign of a sudden decrease 
of pressure. Possibly, also, the destruction of Sie windmill at Heckington, 70 
miles South-east of York, and the distance of the main depression, QQO nules 
North-west, may be no accidental coincidences, with *an hour or so later, 
another line . . . about 50 miles South-east of the first,* which itself develops 
'two hundred to four hundred miles to the South-east of the centre of the 
general storm ' (Science, XV, p. 270).'* 



On the possibility of Foreoasting the Weather by means of 

Monthly Averages. 

By a. E. WATSON. B.A., r.R.Met.Soc. 

(Abstract.) 

[Bead April 16th, 1890.] 

Mr. WaT80n*s idea in this paper is that the average values of meteorological 
phenomena are constant quantities, and that any variation from them is sure 
io be met by a compensating variation in the opposite direction. 

The author has got out the averages for monthly mean temperature and 
rainfall for Croydon for 25 years, and has tabulated the divergence of each 
year from this average value in two columns, + and — . He finds that the 
number of + and — values is nearly equal, but not exactly so. 

He then goes on to argue that if the deviation has been in either direction, 
positive or negative, for a number of years, the probability of a reversal 
of the sign of the deviation increases. He says: **The reverses will be of 
greater importance in proportion to the number of siioilar signs that have 
characterised this series of months," and he quotes instances. 

His forecasts have been published in the two best local papers for some 
months, and the author declares himself to be highly satisfied with the re- 
sults, some of which arc detailed in the paper. 

X Mtteoro!0ficat Uagmuinr, Vol. Xtll. (1878), p. 149. 
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DISCUSSION. 

Mr. RosTBON remiu-ked that the last five Februarys have been abnormaUy cold 
but immediately before that period they were abnormaUy warm. If the cold 
^ ebruarys contmued for some years they would of course restore the mean, but 
the question was how long would this reaction go on ? 



APPLICATION OF PHOTOGRAPHY TO METEOROLOGY. 



Eleyenth Annual Exhibition of Instrnments, 

Held, by permission of the Council of the Institution of Civil Engineers, at 

26 Great George Street, Westminster, S.W. 

MARCH 18th to 2l8T, 1890. 



PHOTOGBAPHIC METEOROLOGICAL INSTBUHENTS. 

1. Specimens of the Thermometer Tubes used in the Eew Pattern Thermo- 

yraphy and described in the Report of the Meteorological Council of 
the Royal Society for 1867. Exhibited by the Meteorological Council. 

2. Scale and reading glasses for tabulating Barograms. 

Exhibited by the Meteorological Council. 

3i Scale for tabulating Thermograms. 

Exhibited by the Meteorological Council. 
4. Chemical Photometer devised by Sir H. Boscoe^ M.P.y F.R.S. By means 

of this instrument a strip of paper is so exposed to daylight that the 
time requisite to produce a definite chemical effect can be calciUated to 
seconds. The exposure of the paper is effected by pasting pieces of 
standard sensitive paper upon a oand, and inserting this into a thin 
metal slide having a small opening at the top furnished with a cover, 
which can be made instantly to open or close the hole under which 
the sensitive paper is placed. (First Pattern, 1863.) 

Exhibited by The KeW COMMITTEE. 

5 Experimental Instrument for Recording the Intensity of Daylight^ the 

results being obtained by causing a disc of sensitized paper to revolve 
behind a screen with a rectangular aperture. Exh ibited oy J. B. Jordan. 

6. Jordan's Sunshine Recorder. rir«t Pattern (March 1885.) - This instru- 

ment consists of a cylindrical box, on the inside of which is placed a 
slip of cyanotype paper. Sunlight being admitted into this box oy three 
small apertures, is received on the paper, and travelling over it by 
reason of the earth's rotation, leaves a distinct trace of chemical action. 

Exhibited by J. B. Jordan. 

7. Jordan's Sunshine Recorder. Improved pattern. (November 1885.) In 

this instrument two apertures are used instead of three. 

Exhibited by J. B. Jordan. 
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8. Jordan's Sunshine Recorder- New pattern. (March 1888.) The 

improvement in this instrument over the others consists in using two 
hemi-cylindrical boxes, one to contain the morning and the other the 
afternoon record. An aperture for admitting the beam of sunlight is 

f)laced in the centre of the rectangular side of each box, so that the 
ength of the beam within the chamber is the radius of the cylindrical 
surface on which it is projected ; its path therefore follows a straight 
line on the paper at all seasons. The hemi-cylinders are placed with 
their diametral planes at an angle of 60°. Exhibited by J. B. Jordan. 

9 McLeod's Snnslline Recorder. This instrument consists of a glass sphere, 
silvered inside and placed before the lens of a camera, the axis of the 
instrument being placed parallel to the polar axis of the earth. The 
light from the sun is reflected from the sphere, and some of it, passing 
through the lens, forms an image on a piece of prepared paper within 
the camera. In conseijuence of the rotation of the earth, the image 
describes the arc of a circle on the paper, and when the sun is obscured 
this arc is broken. Exhibited by TfiE Kew Ck)MMiiTEE. 

10. Photo-Nephograph designed by Captain Abney, F.R.S.y for the Meteoro- 

logical Council, for t)ie registration of the velocity and direction of 
motion of clouds. See Reports of the Meteorological Council for the 
years 1879 and 1881. Exhibited by the Meteorological Council. 

11. Slide Rnle designed by Oen. Strachey, F.&S.y for obtaining the height 

and distance of deads from the pictures yielded by the cloud cameras. 

Exhibited ht/ th^ Meteorological Council. 
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nrSTRUMENTS NOT PREVIOUSLT EXHIBITED. 

12. Instroment for showing the velocity of the wind. The shaft of an 

anemometer is connected with the shaft of the instrument, and in turn- 
ing works the small centrifugal pump, thus raising the level of the 
mercury in the long cistern. The deflexion of the pendulum from the 
vertical position is proportional to the rate of turning, and thus gives a 
uniform scale. Exhibited by R. W. MuNRO, F.R.Met.Soc. 

13. Instrument for showing the pressure of the wind from a velocity 

anemometer. The arrangement is the same as in the preceding in- 
strument, but the fall of the float in the small circular cistern is pro- 
portional to the square of the velocity and therefore to the wind pressure, 
thus giving a scale of pressure with the divisions at uniform distances. 

Exhibited by R. W. MuNRO, F.R.Met.Soc. 

H. Trotter's CJompensating Thermometer. The bulb and scale are connected 

with a metal tube, which may have any length. In order to compensate 
for the various temperatures through which the tube passes, a second 
tube of e(^ual calibre (called the compensator) runs by the side of the 
first ; but, mstead of having a bulb, it terminates in a sealed end, and 
is consequently affected only by the various temperatures through 
which it passes. The temperature is read off on the thermometer by a 
sliding index scale, the arrow point on the right being set to the level 
of fluid in the compensating tube, and the temperature being indicated 
on the opposite tube. Exhibited by J. Long. 

15. Draper's Self-Recording Thermometer. In this instrument a clock rotates 

a disc, on which is placed a chart, indicating by radiating divisions the 
hours of the day and days of the week, and gives by concentric circles 
the degrees of temperature from 20° below zero F. to 110° above. 
A lever provided with a pen is supported on an axis, carried by the 
expansion and contraction of bi-metallic strips, so that the pen which 
rests on the chart moves outward and inward from the centre, drawing 
a line on the surface of the chart, showing the temperature at any given 
time. ■ Exhibited by J, J. HiCKS, F.R,Met.Soc. 
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16. Mercurial Minimum Thermometeri with lens front. 

Exhibited by J. J. HiCKS, F.R.Met.Soc. 

17. Badial Scale Thermometer. 

Exhibited by J, J, HiCKS, F.R.Met.Soc. 

18. Denton's Clinical Thermometer CasC) with new spring-catch. The slight 

strain on the spring (which forms part of the case itself) is only exerted 
when the lid is being put on or off, so that the spring retains its elasticity. 

ExJUbited by S. G. Denton. 

19* Watkin Aneroid in ai^ aluminium case. 

Exhibited by J. J. HiCKS, F.R.Met.8oc. 



MODELS. 

20. Model of the Eew Self-recording Magnetographs. The instrument, erected 

in 1857, is arranged to register photographically the variation of the 
position of a freely suspended Magnetic needle, as well as the intensity 
of the Horizontal and vertical Forces acting upon it. A full description 
is given in the Report of the British Association^ 1859. 

Exhibited by the Kew COMMITTEE. 

21. Working Model to show the connection between the Monsoons and the 

currents of the Arabian Sea and the Bay of Bengal 

Exhibited by A. W. Clayden, M.A., F.R.Met.Soc. 

22. Model of whirling machine used at Hersham for testing anemometers 

and for experiments on wind pressure. Scale ^ inch to the foot. 

Exhibited by W. H. Dines, B.A., F.R.Met.Soc. 

23. Model showing manner in which the pair of Photo-Nephographs are 

mounted for use. 

Exhibited by the METEOROLOGICAL COUNCIL. 



PHOTOGRAPHS AND DRAWINGS OF INSTRUMENTS, &c. 

24. Description of Mr. T. B. Jordan's mode of photographically registering 

the indications of Meteorological Instruments. {Report of the Royal 

Cornwall Polytechnic Society, 1838.) 

Exhibited by the ROYAL METEOROLOGICAL SOCIETY. 

25. Brockets Photographic Self-Registering Magnetic and Meteorological 

Apparatus. Description and illustrations. 

Exhibited by W. Marriott, F.R.Met.Soc. 

2G. Drawings of the Eew pattern Barograph and Thermograph. 

1. Barograph. Cover removed. 

2. Thermograph. Indoor arrangement. 

3. Thermograph. Outdoor arrangement. 

Exhibited by C. H. THOMPSON. 

27. Frame containing early autographic records of Magnetograph and 

Barograph by the Daguerreotype process obtained at the Kew Observa- 
tory in 1849. Exhibited by tlie Kew Committee. 

28. Frame showing various early autographic records obtained at the Eew 

Observatory. Exhibited by the Kew COMMITTEE. 

29. Engraved Copy of Photographic Record of Dry Bulb and Wet Bulb 

Thermometers by Old Thermograph on February 16, 1849. 

Exhibited by W. II. M, CuRiSTiE, F.R.S., Astronomer Royal. 
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)■ Photognphie Beoi^ of Diy Bulb ud Wet Bnlb T 
Thermoffnph od October 13-14, 1889. 

Exhibittd by W. H. M. CnsisriE, P.R.S., AstroDoinw 
I- Thrae photognpbic viewa of tbs new ThsrmograplL 

Exhibited by W. H. M. CRBm-iE, F.B.S., ABtroDomet 
': Photographio Beoord of BarosieteT on September 2-^, 1889. 

Bxhibited by W. H. M. CHKiffTIE, F.R.S., Aatronomer 

(• Plurtognpbio Beoi^ of Atmoepbarie Eleotrici^ by TbomsoB's 1 
meter on H&rch 16-17 ind July 11-12, 1689, and on Febrnuv 23- 
Hkrch 4-6, 1890. 

Exhibited by Vf. H. H. Cubistie, F.B.S., Astrononier 
I. Four PhotograpUo views showing tbe podtiona of Meteonlogi 
Btmmenta tt tbe Boysl ObserTatOTy, Oreenwich, 1890. 

ExkihiUd ^ B. E. McCl 

>■ Photographic BaiogramB showing the barometrio oocillatian dne 
Krakatoa eruption, Aognst, 1883. The stations shown are B 
Mauritiua, Aberdeen, Valencia, Toronto, and Melbourne. 

Exhibiled by the Meteokologicu. C< 

>■ Selsotion of Barognuns and Thermograms. 

1 . Passage of depressions or storm centres. 

2. Sudden ChanKBS of Temperature. 

3. Changes of Temperature and Pressure during a Thunderil 
Eew, at 4 p.m. May 8tli, 1871. 

4. Thermogram. A Summer'H day. Kew, AngDst 13tb, 
Difference between dry and wet at 5 a.m., 0°-5 ; at 2 p.m., 22°-7. 

C. ThermoKram, sliowlng remarkable variations of hjgrometri 
dittons, Aberdeen, August 12tb, 1878. Difference between dry a 
at 2 p.in., B^-g ; 3 p.m., 4'''G ; 4 p.m., 4"-3 ; and 5 p.m., 10='3. 

6. Oscillation of tbe barometer at Falmoulb, January 29th, 
G p.m., to 30tb, 8 a.m. Temperattu:e and wind direction are ahi 
comparison. Exhibiled by Ike Meteorological Co 

'■ Traoea of the Carves flrom tbe Belf-recording Instrnments at th 

cliffe Observatory, Oxford, showing a remarkable disturbance 
morning of March 8tli, 1889. (By permission of the Radclif 
server.) Exhibiled by F. A. Bellamy, F.R.U 

!■ Onire showing tbe nlation between the pressure and velocit; 

wind. ExhibHtd by W. D. Dines, B.A., F.R.M 

>' Onrre showing the normal component of the wind ptessore t 

sloping Snrtkoe, one foot square, the normal pressure being ta 
100, and the prcpsure at various angles of inclination beingeii 
proportionately, Exhibittdby W. 11. Dines, D.A., FILM 

\\ Photographs of experimental apparatus designed for the redoc 

Oloud PlotOnS' Exhibited by the Kei7 Coum 

I. Photograph of the Pole Star Recorder in use at the Harvard ( 
ObaorvatoiT. U.S.A., for registering the clondiness during the 
(SCO p. 188). F.jhihileil by Prof. E. C. Pick 

i- Photogtaphs Of Aitken's Dust Connteis.— i- Showing Mr. Aitk< 
serving with the instrument for use about the liill outside the Ben 
Ubaervatory. 2. In»tronicut for use inside the Observatory, witl 
connecting it with the free atmosphere. 

Exhibileil liy A. Bucham, M.A., P. 

'i- Two Albums oontaining the Photographs of the Stations of the 
Heteorologioal Eooiety, taken by Mr. W. Klan-iott during the 
tiona, 1884-1889. Exhibited by the RuVAL METEOROLOGICAL S< 
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^. New England Meteorological Society's Exhibition, January 1889. Two 

Views. Exhibited by A. L. RoTCU, F.R.Met.Soc. 

45. Photograph taken from the Sydney Observatory, showing the thermo- 

meter shed, evaporator, solar thermometer, &c., in foreground. 

Exhibited by H. C. RussELL, B.A., F.R.S. 

46. The Seismograph in use at the Sydney Observatory, New South Wales. 

Exhibited by H. C. Russell, B.A., F.R.S. 

47. Diagrams showing the rise and fall of the Tides on the River Thames 

from February 24th to March 3rd, 1890, as recorded by Adieus Tide 
Gauge at North Woolwich and Deptford. The unusual tide on Feb- 
ruary 28th rose 2| hours before its time, then fell, and 2 hours after 
rose again. Exhibited by P. Adie. 

48. View taken at the Meglis Alp on the way to the Santis Observatory, 

Switzerland^ September 7th, 1868. 

Exhibited by R. H. ScoTT, M.A., F.R.S. 
49. Hap of the Environs of Sion Honse in 1635. The present Kew Observa- 
tory is erected on a part of the area. Exhibited by F. Galton, F.R.S. 



PHOTOaBAPHS OF METEOROLOGICAL PHENOMENA, ftc. 

50. Photographic Scale showing Intensity of Sunlight during Solar Eclipse, 

July 18th, 1860. Exhibited by G. J. Symons, F.R.S. 

51. Photographs of Clouds taken at the Observatory, Boulogne sur Seine 

France. Exhibited by MoNS. Paul Garnier. 

52. Photographs of Clouds taken at the Specula Vaticana, Rome. 

Exhibited by Padre F. Denza. 

53. Photographs of Clouds. Exhibited by A.W. Clayden, M.A., F.R.Met.Soc. 

54. Photographs of Cirrus Cloud reflected from the surface of the Lake of 

Sarnen, August 1888. Exhibited by Dr. A. Riogenbacu. 

55. Thunder CloudS) Northamptonshire, July 1887. 

Exhibited by Dr. Drewitt. 

56. Photograph taken at Sea. Strato-cumulus cloud in front of full moon. This 

illus^ates the frequent error of artists drawing the moon to subtend an 
angle of arc larger than in Nature. 

Exhibited byDn, J. L. Green, F.R.Met.Soc. 

57. Photographs of Fog* taken from the top of the Worcestershire Beacon^ 

above the general level of the fog, which covered the whole of the 
surrounding country, January 12th, 1888. 

Exhibited by Messrs. NORBIAN May and Co. 

58. Sunset as seen from the Summit of Ben Nevis. 

Exhibited by G. J. Symons, F.R.S. 

59. Clouds, Alvona Bay, Dalmatiay September 29th| 1839. The mountains 

range from 3,000 to 6,000 feet. Exhibited by C. Harrison. 

60. Sunsets at Mitcham. Two views. Exhibited by K. McKeax. 

61. Frame containing specimens of Cloud photographs and Sun pictures. 

Exhibited by the Kew Committee. 

G2. Photograph and Enlargement of Cumulus Cloud, taken by Mr. W. Friese 

Greene at Bath. Exhibited by G. T. Gwilliam, F.R.Met.Soc. 

63. The Tail of an ordinary Cyclone. Photograph taken at the Sydney 

Observatory, New South Wales. 

Exhibited by II. C. RrssELL, B.A., F.R.S. 






'cS>*^'*' 









EXHIBITION OF MBTEOBOLOOI0AL INSTRUMENTS. 185 

S3. Trees broken by Bime Frosti near Castle Rising, January 7th, 1889. Three 

views. Exhibited by C. B. Plowright, F.L.8. 

84. Photographs showing the extent of the floods on the Severn at Wor- 

cester, May 15th, 1886. Exhibited by G. B. Wetherall, P.R.Met.Soc. 

85. Photograph showing Railway Bridge between Bransford and Henwick, 

destroyed by the Flood on the Teme^ May Utb, 1886. 

Exhibited by G. B. Wetherall, P.R.Met.Soc. 

86. Flood at Botherham Railway Station, May 15th, 1886. Two views. 

Exhibited by E.M. Eaton, F.R.Met.Soc. 

87. Flood at Chelmsford, Angust 2nd, 1888. Series of eleven photographs 

taken before 10.30 a.m. Exhibited by G. J. Symons, P.R.S. 

88. Flood at Bristol, Karch 9th, 1889. Two views : Broadmead and King 

Street. Exhibited by G. J. Symons, P.R.S. 

89. Flood at Hereford, Midland Railway Station, 

Exhibited by G. J. Symons, P.R.S. 

90. Aysgarth Forcet July 26th, 1888. There had been a heavy thunderstorm 

on the previous day, but the flood had considerably diminished. 

Exhibits by Rev. P. W. Stow, M.A., P.R.MetSoc. 

91. A Winter Flood. Aysgarth Middle Porce, November 28th, 1888. 

Exhibited by Rev. P. W. Stow, M.A, P.R.Met.Soc. 

92. After a Thunderstorm. Aysgarth Upper Porce, June 3rd, 1889. 

Exhibited by Rev. P. W. Stow, M.A., P.R.Met.Soc. 

93. Photographs of Flashes of Lightning sent to the Royal Meteorological 

Society since March 1889 by : — 

Mr. H. J. Adams, Beckenham. 

Mr. A. W. Bates, Putney 

Messrs. Blanchard and Lunn, Cambridge. 

Mr. A. W. Clayden, Tulse Hill Park. 

Mr. J. R. Ellis, Cambridge. . 

Mr. R. H. Gill, Woodside Park, N. 

Mr. A. Godman, St. Albans. 

Mr. E. A. GoUedge, Ilford. 

Dr. Hoffert, Ealing. 

Mr. J. P. Honeyball. 

Mr. E. E. McClellan, Greenwich. 

Mr. L. Medland, North Pinchley. 

Mr. A. W. NichoUs, Peterborough. 

Mr. G. J. Ninnies, Balham. 

Mr. J. Porter, Sydenham. 

Dr. A. Riggenbach, Basle, Switzerland. 

Rev. A. Rose, Cambridge. 

Mr. A. Scrivenor, Southgate. 

Mr. E. S. Shepherd, Westboume Grove. 

Mr. J. Stabb, Bayswater. 

Mr. R. T. Stokes, Long Ditton. 

Mr. J. L. Treadway, Crouch End, N. 

Col.Tupman, P.R.S., Blackheath. 

Prof. Weber, Berlin. 

Mr. G. M. Whipple, Richmond. 

Mr. J. W. Young, Croydon. 

94. Photographs of Electric Sparks, explaining the Formation of Dark images 

of Lightning flashes. Exhibited by A. W. Clayden, M.A., F.R.Met.Soc. 

95. Photographs of Electric Sparks illustrating Mr. Clayden's explanation 

of the Dark images of Lightning flashes. 

Exhibited by S. BiDWE^L, P.R.S, 
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96. Photographs of oak tree split by lightning, 6.30 p.m. Jane Gth, 1R89; 

struck again and shivered, 1.30 p.m. June 7th, at Old Farm, Bachel 
Court, near Cranleigh, Surrey. Two Views. « _ „ „ 

Exhibited hy Capt. J. P. Maclear, F.R.Met.Soc. 

G. J. SYMONS, F.R.S. \ o-^|„„>. 
JOHN W. TRIPE, M.D. J ^^«^»««- 

WILLIAM MARRIOTT, As9i9tant'8eer€tary. 



PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 

Mabch 19tb, IdOO. 

Ordinary Meeting. 

Henbt F. Blakfobd, F.R.S., Vice-President, in the Chair. 

David Balfour, M.Inst.C.E., Myre Hall, Honghton-le-Spring; 

William Bblk, M.Inst.C.E., Hartlepool; 

Capt. Geobgb a. Chaddock, The Elms, Lea Bank Road, New Brighton ; 

William Sakto Crimp, Assoc.I^I.Inst.C.E., London Connty Council, Spring 

Gardens, S.W. ; 
Gbobqe Fellows, Beeston Fields, Nottingham ; 

Archibald Edward Garrod, M.A., M.D., M.R.C.P.,9 Chandos Street, W; and 
Capt. Herbert E. Rawson, 6 ComwiJl Gardens, S.W., 
were oalloted for and duly elected Fellows of the Society. 

The following Papers were read ; — 

** A brief notice respecting Puotograpiiy in relation to Meteorolo- 
gical Work." By G. M. Whipple, B.Sc, F.R.Met.Soc, (p. 141.) 

"Application of Photography to Meteorological Phenomena** By 
William Marriott, F.R.Met.Soc. (p. 146.) 

On the motion of the Chairman the thanks of the Society were given to the 
Exhibitors for the loan of their instruments, &c. 

The Meeting was then acyoumed, in order to afiford the Fellows an opportonity 
of inspecting the Exhibition of Instruments, &c., illustrating the appueation of 
Photography to Meteorology, which had been arranged in the Library of the 
Institution of Cvni Engineers (p. 179). 



April 16th, 1890. 

Ordinary Meeting. 

Baldwin Latham, M.Inst.C.E., F.G.S., President, in the Chair. 

The Marquis of Gallidoro, Villa Gallidoro, Palermo; and 
James Mallet Veevers, Ma^^ficld, Denton, near Manchester, 
were balloted for and duly elected Fellows of the Society. 

The following Papers were read: — 

"The Cold Period at the beginning of March, 1890.*' By Charl? 
Harding, F.R.Met.Soc. (p. 152.) 

" Thunderstorm and Whirlwind at York, March 8th, 1890.*' By J. 
Clark, B.A., B.Sc. (p. 169.) 

"On the possibility of Forecasting the Weather by means 
monthly averages.'* By Albert E. Watson, B.A., F.R.Met.Soc. (p. ) 
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CORRESPONDENCE AND NOTES. 

"The American Tornado op March 27th, 1890." By William Marriott, 
F.B.Met.Soc. 

The great stonn which passed over the United States and played snch havoo 
had its origin in the Bocky Mountains somewhere near Utah, where it was first 
observed on the morning of March 26th. The lowest barometer reading was 
29*60 ins. at Salt Lake City, surrounded by genereJly clear weather, except on 
the North and South Pacific Coast, where rain was fiaJling. During ^e day the 
cyclone greatly increased in energy and magnitude, its influence bemg felt as fax 
north as Montana, and its southern limit reached the Gulf of Mexico over Texas, 
snow beginning to flEdl in the north-west and rain to the eastward in E^ansas. The 
wind throughout the surrounding country increased in force and blew towards 
the storm centre firom all points at the rate of 20 to 24 miles an hour. The 
storm centre continued to move eastward, and by 8 a.m. on Thursday, the 27th, 
had reached Leavenworth, Kansas, where the barometer reading was 29*28 ins. 
The force of the wind for a radius of 500 miles from the centre averaged 
86 miles an hour on the eastern side, and from 12 to 14 miles greater on the 
southern side, while on the western side the velocity was 60 miles an hour, with 
a severe " blizzard " raging in Nebraska and Wyoming, and a " norther '* pre- 
vailing in Texas. 

By noon the centre had reached the State of Illinois, the barometer reading 
at Springfield being as low as 29*08 ins. 

At 8 p.m. the area of the storm extended from Central Minnesota to the Gulf 
of Mexico, and from Nebraska to Pennsylvania, with snow in Minnesota, Ne« 
braska, Iowa, Wisconsin and Northern Ohio, while heavy rain was falling in 
Kansas, Illinois, Indiana, Ohio and Pennsylvania, and rapidly extending in 
advance of the storm centre. 

While the storm was moving eastward every condition appeared favourable 
for the most violent local storms. The colder and very high North-west winds 
were setting in on the rear of the storm, causing the temperature in Kansas and 
Missouri to drop to within two or three degrees of the freezing point. At the 
same time the warmer air from the south was being drawn north to fill the 
vaouum occasioned by the storm centre, and the temperature as far north as 
Louisville standing at 66° and a little to the south at 70°, made a difference of 
nearly 40° in temperature in the space of only a few miles. It was the inter- 
mingling and clashing of these two air currents that formed the local tornadoes 
on the southern border of the storm centre. 

The storm passed on from Illinois, crossing Indiana and Ohio, and at 8 a.m. 
on the 28th the centre was over Lake Erie, rain then falling in all the States 
south of the Idces to Georgia, and along the Atlantic as far north as Boston, and 
snow fSalUng in Illinois, Michigan, Northern New York, Maine, and Canada, 
and high winds prevailed in all the States from the Mississippi Valley east to the 
Atlantic seaboard. During the night the storm passed away to the north-east 
over northern New York and Maine, out to the Atlantic. 

It is re^rted that two tornado paths were developed, one in Southern Illinois, 
the other in Kentucky. The former passed south-east into Tennessee, while the 
latter spent its force north-east of Jenersonville. 

The tornadoes in Southern Illinois occurred between 8 and 5 p.m., while that 
at LotdsviUe and Jeffersonville took place about 9 p.m. The path of Uie tornado, 
which passed through Metropolis, was 800 yards wide. 

These tornadoes caused immense loss of life, destroyed towns, blew trains off 
the track, and left wreck and ruin in their path. 

Of course the telegraphic information that has appeared in the English news- 
papers is very scanty, but from this we learn that in 

Jackson County, Illinois, 16 persons were killed. 
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The greatest lofls of life was at LonisviUe, Kentucky, where the tornado passed 
right through the town. It is reported that at least 100 persons were killed. 

An obsener of the cyclone cloud, living on the north side of the Ohio, thus 
describes it ; — 

** The cloud approached through the gap in the hills below Louisville, through 
which the Ohio river flows. It was in the shape of a balloon, constantly rotat- 
ing, and with an attenuated tail towards the earth. It emitted a constant fusil- 
lade of thtmder and lightning, and seemed composed of a snakelike whirling 
mass of electric currents, whose light was sometimes suddenly extinguished for 
brief seconds, leaving a terrible dSurkness. The cloud made a fearful roar. It 
came through the gorge into the city, moved with great rigidity and with an 
awful rumbling sotmd, leaped across the river, changing the waters into white 
foam, and disappeared through JeffersonviUe." 

A lady at Bo^uia says : — 

" Hearing the roar of the wind I stepped to the door to look out. Just as I 
opened the door I saw such a sight as I hope never to see again. Bight in front 
of the house was a low-hanging terrible black cloud. It seemed to have more 
the appearance of a bird's nest, hung from the large or open end and swinging 
violenUy about. I saw what seemed to be trees or parts of houses, and even 
animals, whirled about in it. I was for a moment very much frightened, and 
screamed for some one to come. I cannot yet remember that it seemed to come 
nearer, but the next thing I knew we were without a house, and the rain was 
pouring down on us.** 

Sergeant J. P. Finley in his " Report on the character of Six Hundred Torna- 
does '* {Professional Papers of the Sif/nal Servfce^ No. VII.) gives some interest- 
ing information as to the frequency, distribution and characteristies of tornadoes. 
From this we learn that the States in which the greatest number of tornadoes 
occurred are Kansas, Illinois, and Missouri. Tornadoes occur most frequently 
in the afternoon between four and six o'clock, June being the month with the 
greatest fr^uency. The average width of the path of destmotion is 1085 fbet, 
we velocity 80 miles an hour, and the length of the track of the tornado about 
28 miles. 
^ The tornado cloud usually looks like a huge funnel, bounding alongHke a ba]l« 
rising and falling, or darting from one side of its path to the ouer. The velocity 
of the wind within the cloud vortex has been variously estimated at from 70 to 
800 miles an hour, the average being 892 miles. This {p^eat inrush of air draws 
everything into the vortex, and produces a terrible dea&ning roar. 

At the Royal Meteorological Society's Exhibition last month Uiere was shown 
a very fine collection of photographs of dama^ caused by several tornadoes in 
America (p. 184). These very clearly and strikingly illustrated the destmetive 
character of the tornadoes. The most remarkable photograph was that showing 
pieces of straw driven end-on into the bark of trees. 



The Pole Star Recorder. 

(Communicated to the International Meteorological Congress at Paris 
September 1889, by A. L. Rotch, B.Sc., F.R.Met.Soc.) 

An instrument invented by Prof. Pickering, director of the Astronomical 
Observatory of Harvard College, has been employed at the Blue HiU Meteoro- 
logical Observatory since January 1889, to register the cloudiness during the 
night. This consists of a telescopic objective attached to a photographic oamers 
and directed to the Pole Star. The camera is pro^^ded with very sensitire 
plates, which are inserted in the evening, and a shutter worked by an alann 
clock is closed before dawn. If the sky was clear during the night, the plate after 
development shows a circle traced by the revolution of the star around the North 
Pole, but if clouds passed the trail is broken. 

By means of a datum point which is worked on the plate when it is exposed, 
and a circle divided into hours, the time during which the Pole Star shows brightly 
is obtained for each hour, and the complement gives the cloudiness as in tiie 
Sunshine Recorder. 



OOBMBPOHDXMCB iJfD NOTES. 



Alttumgh the part of the akj photographed ia only the region of the pole, jet 
the mean valaea derived firam this instnuneat agree foirlv well with eye 
-observatioiu embracing the whole skj, as the following table ^ows. 

The mean oloudineBS ia expressed in hnndredths, and the fignree in parentheses 
give the mean of the olondinesa observed directly at tlie couunenoement and end 
of each hour, except for 6 a.m. 
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Db. van Bebbeb's " Lehrbitch dek Ubtbobolooik fob Stcdierende." 
Db. van Bobber, whose Handbaeh der auailbenden Wilterungakunde appeared a 
few years ago, haa now brought oat a Handbook of Meteorology,' which ia 
intended to taike a middle position between Sprang' Lehrbuth — woich is too 
mathematioal for ordinary use, — and Mohn's Orundziige, which deals with the 
saMect from the point of view of weather. 

The present volmne is certainly useiiil, and will long hold its own as the 
■landard work of reference, for Bohmid'a book is now very antiquated. The' 
aiUhor is generally very careful in giving his references, thongh a complaint of 
aome neglect on this score has just appeared from Dr. von Bezold. 

^e last three chapters, which deal with weather, are particularly interesting. 
The illDBtrations are not always good, apparently old cliches have been used to 
swell the number of iUustrationa. 

We notice several slips in spelling English namea, t.g., Mr. John F. Campbell, 
of the Bonahine recorder, appears aa H. P. Campbel. 

Daniell's Hygrometer is figured, and is described at p. 110 aa Begnanlt's con- 
-denaing Hygrometer 1 1 a very great instance of careleaaness. 

The correction of the press has been neghgently done. At p. 248 Dr. van 
Bebber gives the following figures on Dr. Helhnano's authority for the liability of 
trees tobe struck by lightning :— 

Beech 1, Fii 166, O^ S4. 

The true figures are — 

Beech 1, f& 16, Oak 64. 

On the Noctckhal TEifPERATURE op the Air at diftebbnt Heiohts. 
Herb Julius Juhlin has recently communicated a pa^er on this subject* to the 
BotbI Sooiety of Boienoe, Upaala, of which the followmg ia a anmmary: — 

1. The depression of the temperature cansed by radiation from exposed thermo- 
meters is almost constant at different heights, starting from \ metre above the 
Borfiuie of the anow. 

3. On fine nights in vrinter the temperature increases with height. The phe- 
nomenon commences two or three hours before snnaet, and continues till an 
hour or two after anmise. 
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4. The increase is a linear ftmoftion of the lemperalore. The hnmt Ibo 
tee^ratnre the greater the inmrease. 

5. On overoast and misty nights in winter the ieDq[»eralcuresstdiff»^ 
are nearly equal. 

6. The variation of temperature follows the variation of the amount of dond 
veigr exactly. 

7. A thin veil of high ekmds interferes very slightly with the increase of tem- 
perature with height. 

6. In winter the surfBice of the snow is colder than the ambient air. 

9. The fact that snowy winters are characterised by s evere and protracted firost 
is weU explained by the physical properties of snow. 

10. The temperature on hills and at great heights is higher than on jkuaoB- 
durmg winter nights. 






RECENT PUBLICATIONS. 

Amebioan Meteobolooioal Joubnal. a Monthly Review of Meteoroieigjr 
and Medical Climatology. April-June 1890. 8vo. 

The principal original articles are: — ^Trombes and Tornadoes, by H. Fay» 
(27 pp.). This is a continuation of the translation of Mons. Faye's papers.— 
Vines' Laws of Becurvature, by A. H. Dutton (8 pp.). This is an exammation- 
of the truth of the laws laid down by Yifies xor the recurvatore of Wesl 
India hurricanes. These are thus interpreted by Mr. E. Hayden:—- ** In Jua» 
(and October) the vertex of Uie parabola is in alnmt lat. iX)° to 28° N; in Jidy 
(and September) 27'' to 29"^; andm August 80''to82°." Mr. Dutton hasezaanhied 
all the hurricanes in these months in 1887-89, and finds that out of 24 inetaneea 
only 4 recurved within the prescribed limits, and 18 did not recurve at ail. Ttas 
gives only 14 per cent, of the storms recurving. If only the storms wfaioh were 
undoubted hurricanes were taken, there woulcrbe only 81 per cent, of snoeesB for 
the law. Taking 82 hurricanes in these months in previous years, only 25 per 
cent, obeyed the law. Mr. Dutton, therefore, condudes against the law.— -^nie 
International Hydrological and Climatological Congress at Paris, bv A. L. Boteh 
(4 pp.). This is an account of the proceedings of the Congress which was held 
at Paris in October 1889. — State Tornado Charts, by Lieut. J. P. Finley (17 pp^). 
The States dealt with are Pennsylvania, New Jersey, Delaware, Mar^und, Vir- 
ginia and West Virginia. — Oonoeming Thermometers, by Prof. W. A. Rogers 
(9 pp.)*^Weyher*s Experiments on Whirlwinds, Wat^r^outs, St<»ins and ve- 
volvmg Spheres, by Prof. E. Mascart (12 pp.). — ^Laws of the distribution of 
Cloudiness over the sur£Me of the globe, b^ L. Teisserenc de Bort (11 pp.). 
The author shows that in all months there is a well-marked tend^icv for the 
cloudiness to arrange itself in zones parallel to the equator. When the distri- 
bution of cloudiness is separated from the perturbations which comj^oate it, in 
order to regard only the general phenomena, there are seen to exist (a) a maxi- 
mum of cloud at the equator, changing its position slightiv according to the 
sun's declination ; (6) a band of little cloud between Id"* to 85^ of north and south 
latitude ; (c) a zone of clouded sky from 85° to 50'', while higher, judging by 
what occurs in the northern hemisphere, the sky becomes clearer towards the 
poles. The conditions which cause perturbations In this general distribution «re 
the following: — 1. Other things being e^uJ, the cloudiness is mudi less over tile 
continents than over the oceans; 2. Every elevated coast exposed to a prevailing 
sea wind gives rise to a maximum of relative dbudiness; 8. Every region 
covered by the sea, where a continentid wind prevails, has a relative minimnTh 
of cloudiness; 4. A wind which passes from a waim region to a colder one 
catuses an increase of cloudiness.^— New England Meteorological Society (Id pp.). 
This is a fall account of the proceedings at the Meeting trf the Society on Apm 
15th. The chief subject of cusoussion was " oluuatio changes," whieh were eon* 
sidered under two heads, viz. Secular Changes, and Bvjfpwed recent Ohangee iik 
Climate. 
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K. SVBJtteii^sT.-A&AD. Handlinoab. Band 1^, ^d. 1, No. 14. 8ioekholi&> 
1890. 6vo. 

Contaiiia: — Ueber die Einiwirkiing der ablenkenden Kraft der Erdrotation 
aof die Lofkbeweguzig, yob Nils Ekholm (51 pp.)* The author stunmarises his 
caotHwaonB as followB: — 1. The Yertical comj^onent of the deviation force of 
the earth's rotation exerts a great inflnence (a) in respect of the origin and mion- 
tenanee of the Trade Winds and Monsoons ; (6) in respect of the general air 
cuiTfints of the Temperate Zones, eefpecially of the Southern, where tne circum- 
stances are more typical and simojer, as well as in the great Antarctic d^es- 
sion ; and (c) in respect to the dissymetry of the diiSerent winds in cyclones 
both hi theTorrid Zone and in high lautudes, and both for the lower and the upper 
currents of air. 2. That the horizontal cono^nent of deviation produced by the 
veiticid component of velocity of the air cannot be devoid of importance for the 
ijpper currents, especially in tropical cyclones, although no accurate observa- 
tu»s Are available to test the theory. He concludes bv expressing the hope that 
accurate observations of upper currents may ultimately furnish &cts to support 
his theory. 

liftitKOBOLOOisoHE ZEiTSGBRirr. Bedigirt von Dr. J. Hann and Dr. W. 
KDppxn. April-June 1890. 4to. 

Hie principal articles are: Der Sturm vom 11 bis 14 MtUrz 1888 an der 
atJaalisehen Etiste der Vereinigten Staaten: von Dr. W. J. van Bebber (6 pp.)» 
This is an account of the great JBlizziurd which Mr. E. Hayden has described. — 
Ueber die Beziehungen zwischen dem Wasserstand eines Stromes, der 
WasserftLhrung dessdiben und der Niederschlagshohe im zugehorigen 
Stromgiebiet : von Dr. W. Ule (6 pp.). This is a paper of considerable interest 
to flbgmeers. The author shows by very careful measurements on the Saale 
how very unsafe it is to base any calculations as to the general rainfall from the 
condition of the river, either as to level or quantity of water. The following 
figures prove this ; they are all percentages, and are differences from the 15 
year mean : — 
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There is no relation between these figures. — Ueber die Theorien des allgemeinen 
Windsystems der Erde, mit besonderer BUcksieht auf den Antipassat : von A.. 
Sprung (17 pp.). This is a summary and companson of the theories of Werner 
von Siemens and of Ferrel. He states the following result of his discussion : 
If a body of the mass mal, which rotates on the earth's surface in latitude p^. 
with a relative velocity without friction from west to east of v, is to be trans- 
ferred to another latitude 0, an external force must be applied in a meridional 
direction, which when the displacement is uniform is exactly equal to the gain 
of the body in vis viva of the relative velocity of rotation. "Aiis increase in vis 
viva follows a regular law. In the special case that the body is originally in a 
condition of relative rest, this expression takes a simpler form. The gain in vis 
viva of the relative velocity of rotation is always positive, so that whether the 
displacement is toward lower or higher latitudes, an external force must always 
be ap^ed. — Die Dauer der Schneedeoke im Bereiche des sachischen 
Brzgebirges : von Dr. O. Birkner ^5 pp.). This is a discussion of six years* ob- 
serralione of the duration of snow m the Erzgebirge. The increase in duration 
does not eorreqsond with increase in elevation. — Resultate der meteorologischen 
Beobaehtungen an der finnl&ndischen intemationalen Polar station: von J. 
Hann (16 pp.). There are three notices of Sodankylar in Lapland, of Nova 
25embla, and of Ssagaetyr, at the mouth of the Lena. At the last-named station 
the observations were continued for 22 months. Dr. Bunge tells of an extraor- 
dinailr rodent (the Tarbagan Afotomys) which is doxmant for eight or nine 
nMmunr while the snow is on the ground, and eonse^uiBntly only lives actively 
for three months in the year. He also says that he himself suffered much more 
firom cold in summer than in winter, whence temperature ranged about — 50°C» 
He occasionally stood in his shirt in the open air at such a temperature without 
harm. 
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Results of Rain, Riveb, and Evaporation Observations hade in New 
South Wales during 1888 : H. C. Russell, B.A., F.B.S., Govern- 
ment Astronomer. 8vo. 1889. 144 pp. and 2 plates. 

The year 1888 stands oat conspicaoasly as the driest year upon record, and in 
striking contrast with 1887, the wettest on record. Tne remarks from nearly 
all parts of the Colony present the intensity of the drought, the only mitigation 
of which was that it followed immediately upon an abundant rainfall, which 
left the country charged with water in soil, rivers, and springs, as well as the 
abundant grasses which had resulted from such a season. In some placea it 
would appear that 1865 was, if anything, worse than 1888, but the bait of the 
evidence goes to show that, generally over the colony, 1888 was the driest year 
since the settlement of the country. And there are some facts which go a long 
way towards proving that there has been no such drought before for fifty yean. 
In the neighbourhood of Narandera the total fall for the year was only 8 inches, 
not one-hiuf of the average, and no rain sufficiently heavy to run on the surface 
fell between the end of October 1887 and the end of 1888. So intense was the 
drought there, that the native trees on the hills were all in a dying state, and 
over large areas absolutely dead, a state of matters which it was evident from 
the age of the trees killed could not have been experienced within the last fiftv 
years. Generally, the remarks show that it was the driest jear on record, experi- 
ence in some cases extending over thirty years, and m other cases to the 
first settlement of the country about the Bland. When the break came in the 
weather in December, terrific thunder and hail storms occurred in many places, 
especially in the Northern districts, and the dry ffrass was in many places set on 
fire by the intensity of the lightning flashes. Taking the average rainfall of the 
whole colony from all stations for 1888, it is only 13*40 ins., which is the smallest 
on record. The effect of the drought is seen very clearly in the river records. 
With all the drainage from 1887, and some rain in February, the Darlinff fell 
rapidly, and by the middle of April was at Bourke down to summer leve^ and 
there it has remained ever since. While the Murray, at Albury, has not risen 
more than 1 ft. or 2 ft. by any rainfall during the year until June, and then only 
rose 5 ft. ; there was a slight rise in July, another m the beginning of September, 
and the highest of the year (10 ft.) at the end of that month. Smce then it has 
gone gradually down. Swamps in the Port Stephens district that have never 
Been dry before, within the knowledge of black or white men, dried ap during 
the year ; and the Narran Lake at the end of the year was a dry plain, with wild 
fowl lying dead all about it. 

8ymons*8 Monthly Metsoboloqical Magazine. April-Jane 1890. Vol. 
XXV. Nos. 291-298. 8vo. 

The principal articles are : — Bibliography of Meteorology (8 pp.). — Pre-instra- 
mented Meteorology (8 pp.). — ^Areas of Rarefaction or Depressions; by Dr. H. 
Muirhead, Rev. G. T. Ryves, and Rev. W. C. Ley (6 pp.). — Great rain&ll at 
Hong Kong, May 29th and 80th, 1889 (5 pp.). — Anemometers, and damage by 
gales of wind ; by W. J. Black (2 pp.).— -Cycles of drought and good seasons in 
Africa ; by D. E. Hutohins (2 pp.). — The Great Devonshire rains of May 25th 
(6 pp.). — Ozone and wind (2 pp.). 

Tbb Diocese of Mackenzie Riveb. By the Right Reverend W. 0. Bompas, 
D.D. 

Within the space of 108 pages small octavo Bishop Bompas writes a snooinct 
account of his diocese, the largest and least populous m Christendom. A central 
portion of Arctic America, it is probably for ever doomed to sterility by the se- 
verity of its climate. Upon its description, inhabitants, languages, fauna and 
flora, arctic life, meteorology, dress and habits, resources and prospects, interest- 
ing information is given in simple and elegant style. It is one of the few books 
on the Arctic Regions that is at once popular, readable, accurate, and without 
exaggeration. The chapters on arctic life and meteorology, in which it was so 
easy to make mistakes, are surprisingly free from an^ palpable errors, and, as 
bringing forward aU the practical interest of the subject, are exceedingly well 
done. 
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RAINFALL OF THE GLOBE. 

COMPARATIVE CHRONOLOGICAL ACCOUNT OF SOME OF THE 

PRINCIPAL RECORDS. 

By WILLLA.M B. TRIPP, M.Inst.C.E., F.R.Met.Soc. 



[Received March 31st.— Read May 2l8t, 1890.] 

1. Introduction, — The Rainfall Stations contained in the Table given here- 
with were selected by the author on account of their suitability, as it 
appeared to him, to illustrate various phenomena connected with the 
subject of this paper ; the title of which was chosen, more to show the 
author's aims, than to assume their successful accomplishment. 

The author has endeavoured to deal principally with records coming down 
as nearly as possible to about the same period^ and distributed as widely 
and evenly as possible over the earth's surface. 

Such records are, as at present published, scattered throughout a numbbr of 
detached reports and returns of various kinds, and the search for them 
has involved much expenditure of time and labour.^ 

^ The author begs to offer his acknowledgments to those who have kindly assisted 
him in his search, particularly to Mr. R. H. Scott, F.R.S., of the Meteorological Office, 
and Mr. W. Marriott of theBoyal Meteorological Society, and their respective assistants, 
for information and aid given him with reference to the publications contained in the 
libraries under their charge, and also Mr. W. Ellis, F.R.A.S., of the Royal Observatory, 
Greenwich, and to the directors of various foreign Observatories who have kindly sent 
him MS. records in answer to his applications. 
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The author prcsnmes that he will bo expressing the opinion of all when he 
refers to one forcibly impressed on himself daring this inquiry, as to the 
desirability of having rainfall records collected and tabulated in an easily 
accessible form, but he fears that it may be some little time before this 
result is accomplished. 

The author considers the present attempt only in the light of a preliminary 
inquiry, entered upon to obtain information for himself while engaged in 
Hydraulic Engineering pursuits, and in the hope of throwing some light on, 
and in some measure assisting in, a difficult inquiry. He does not claim that 
this list is in any way final or complete, but the selection appeared to him to 
be the best that could be readily obtained, and he would be much obliged to 
anyone who would give him information with a view of making it more 
complete. 

2. General arrangement of records — The Northern and Southern Hemis- 
pheres, as usually shown on maps of the world published in this country, 
have been divided into Quadrants, as follows : — 

Northern Hemisphere. Principal Diyisions. 

1. NW. Quadrant of Eastern Hemisphere - Europe and Algeria. 

2. NE. ,, ,, ,, - Asia. 

8. NE. „ Western „ - CaHfornia. 

4. NW. „ „ ,, - U. S. America and Barbadoes. 

Southern Hemisphere. 

6. SW. Quadrant of EasternHemisphere - Cape of Good Hope, Mauritius, &c. 

6. SE. ,, ,, „ - Australia and Batavia. 

7. SE. „ Western „ - New Zealand. 

8. SW. ,, ,, „ - Buenos Ayres, &c. 

8. Parts unrepresented.— li is evidently, however, quite impracticable to 
obtain suitable records of rainfall from all parts of the globe, and many 
parts,— such as large tracts in North America, nearly the whole of the 
interior of South America and Africa, tlie North and West of Australia, large 
tracts of Asia and the surface of the Ocean, and most of the Islands studding 
its surface,--po8sess either very short records or none at all. 

The Western and Southern parts of Europe of course present a series of 
records which, for length of period of observation and completeness, cannot 
be approached by those of any other parts of the World, but one region in 
respect of which difficulty has been found in obtaining contmuous records is 
the Southern pai-t of France from about 1871 to 1875. 

A similar series of blanks appears in most of the Indian records from about 
1854 to 1860. Presumably in both those cases the deficiency is due to the 
disturbed state of those countries, owing to the struggles happening about 
those periods. 

4. Interpolation,— Uniorixiu^iQly some of the best individual records are 
not continuous, and in many cases the present tabular records are analysed 
without filling in the blanks, when these are not very serious, but where it has 
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been found desirable the author has filled them in from the nearest and most 
suitable stations he could discover ; the values being altered where necessary 
in the ratio of the means of the years common to the records. 

In some cases one record is from the earlier portion and another the later 
portion, the values being adjusted as above described. 

Records so combined must be considered joint records, the figures so filled 
in, while they doubtless frequently approximately represent the true fall at 
both stations, being necessarily true only for the station from the records of 
which they were taken. 

5. Reliability of the records. — The author has taken these generally on the 
authority of those by whom they were published, but correcting as far as 
possible clerical errors, and making the means afresh. 

He has, when practicable, compared the simultaneous records of great rain- 
falls and droughts, and, from considerations arising out of such investigations, 
has formed the opinion that while the absolute amount of registered rainfall 
at different periods may have been affected by modes of collecting rainfall 
differing from the improved methods at present in use, yet that the published 
records indicate generally the comparative fluctuations in the relative amounts 
of the fall from time to time. 

The records, however, present several startling features. In the record of 
Paris it will be found that of the 85 consecutive years, 1714-48, 2 only, 
1789 and 1740, were above the mean of the 171 years recorded. 

In corroboration of the truth of this we find historians recording the 
greatest distress as existing among the French peasantry about the middle of 
the century, and although this is generally attributed to political causes, yet 
it appears to the author possible, at any rate, that this terrible drought, which 
must have had such an effect on agriculture, although the records of it may 
have been exaggerated, may have had some effect in causing the state of 
things which then existed, and which was ultimately instrumental in 
hastening on the catastrophe of the French Revolution itself. 

It is not easy to get records old enough to compare with this period, but 
we find that at Padua 1785-41 were much below the mean of the 161 years 
recorded. 

The English values also, as has been pointed out by Mr. Symons, show 
that a drought prevailed in England at this time, the 5 years 1729-88, and 
the 28 years 1788-62, all but two, 1751 and 1756, were below the mean, the 
18 years 1788-50 having been the driest period, and were all below the mean. 

Other old records show similar droughts about the same time, while others 
do not do so.^ 

Again, in more modem times the records of Barnaul show a period from 
1852-74, 28 years, during which time only 8 years, 1856, 1868 and 1872, were 



1 It may be worth while to mention that there appears to be a tradition of a great 
and fatal drought both to trees and men having ooonrred in Soath Australia about the 
middle of last century. See H. C. Bnssell, " Meteorological Periodicity,** Journal of the 
Boyal Society, N, S, Wales, 1876; also ^'Egeson's Weather System,** Sydney, 1889. 
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TABLE OIVINQ SOME CHIEF PARTlCDLiRS OF BEC0BD8. 

NOFTHSBN HEUiaPHEIIE, 



Name ol Statiun. 



Firit aod^ o g > 

Com- !k-2| . 
'. pleto "3-S. ■§ 



N.W. Qaadiant ot Eastern Hemisphere. — Europe and Alger 



,.!i8i4 



S Londou' .1813 



188716a 
18S7 73 



l87»' 39-0 
---- Syt 

40'S 



& BnuieU 1182318871 55 1S78 41-1 {18-^1864 i 

T. Paris 1689^1885 171 1804 277 ' 19-2 i; ■ 

8 UenoTa |i8j6i885 6o 1841I 49-5l32-3i» 

a LaKodielle 1810 1885 71 1I366 50-0 

I ! I I 

Toulonw 180318B5179 1879 30-3 J5'4 i8ijl 153 



'V7 


ISO 


53 


J^'4 


T 




w. 


;s 


i: 


17-3 


.« 


70 


'11 


's: 


61 
43 

64 



I i^^r^".'.'.'.'. 
4 ConatiuitiDe , 



1870 37-1 
'847^ 5 '-4 
'854 42'3 



5 Palermo 18061887 81 1883 37'6 23-81866 

5 Lioorotondo 18291886' 58 1858I 67-0 36-3 i88i| 17-6 

? Naples i82i]i887 65 |iK68' 50-4 ' 316 i88t>l i6- 

i Koma !iS25liMi>7 6j 1873' 43-5 30'4li834i ij- 



I St. Bernard HoBpioe ..'i8[8,iSS5 < 

I MilaH i764iH8;i; 

13 Pttdun 1735^188711 



195 55 
■43 60 



33'»i8i2 178J i8j 



24 Kiemsmiliistcr 



I18111887 67 1867 



' Two records combined, 

H3,— In the above Table H H, Ao, mean Ibe Highest respeotivelj in order. 
^1 ^1 « Lowest „ „ „ 

WiW, „ „ -Wattast 

Dj O* >i .. Driest „ „ „ 

All in the order given b; tbe small flgares in the Northern and Boatheia HemiBpherw 

■:e«peoliTel;. 
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NOBTHEBN HbUIBPHEBE. 



Name of Station, 



Firat and " 



28 Logan 183S1SS6 



11 



—Europe and AJgeiia. 



51 't866 




.,.,l,s„l.... 


HI 


5. ^.864 


2g'3 


■s-yssji "-I 


IS3 


1 






n, 




48 1842 


a4'4 


.41 


1863! frf 


ibb 


41 .850, 307 


"ii 




'59 



K.B. QoaSrant of EaBttm HemiapherB. — As 



) Katheriaenbtrg , 
■ Bogoalowak 



} NertschiDsk , 
I Pckin 



] Bombay . . . . 
] Shimoga .. 
I Bangaloro . . 



886 


48 


1846 


SSG 


4g 


1839 


884 


42 ,1844 


883 


32 |iB7' 


8S6 
886 
886 


58 
42 


187. 
.884 
1879 


885 


38 


■873 


886 
886 
886 


70 
5' 


1828 
1882 
.874 


886 


74 


.8.7 



irg 138 
Dm 
100 17s 

j3'9 '65 
'5-3 1S7 
160 Ijg 



N B. Quadiaat of V/eetem Hemisphere.— California. 



QTiego 18501885 36 >884j 27-6 9-S186V 3'o 



N.W Quadrant of WeHlern llemiflphflre.- U nited a tatca aud Barbadw. 

\ r~" w,i ""j L. 

1843 1886 44 1844 78-5 I 37'8 '885 3S'4 136 66 



; Now Orleans. &c.' 
S Ft. Lenvonwortli' 
} CinoioDali.. .... . 



8161885' 48 l'846| l"J-6 57*3 '855 41-9, 193 73 j 
837.885 48 11858 59'6 ■,33-918431 13-9 178 48 
835 .885 48 11847 ^5-2 437 '856 25'5' 149 , 5« 
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Northern IlKMinrHEiiE. 



FirBl >i: 
.Yeart. 



'4 



IS 



N.W. Quadrant oE Western Hemiephera.—Umied States aod Barbiidoii. 



885I 53 '873 


49'9 


34-o''834 W9 


HI 


«7 


885' 68 1B63 


677 


44'6i822 17-1 


.;. 


61 


SS5 82 igi9 


58-r 


422.846:30-7 


1, 
■38 


73 



80ITTHGEH nEUIErHEHS. 

S.W. QaodntDt of EoEtem Hemisphere.— Cape of Qood Hope, Maoritltu, As. 



S3 Cape Town, R.O. 



S5 Maoiitios, Fort Looia 1S53 



'77 


t6i 


«, 


i7'o 


L 


H 
76 


207 


164 


45 



S.E. QnsdianC or Enatem Hemisphere. — Auitralia, Batavia, Ae. 



.8391 



J . 



i Hobart I[84i 1886 

J Sydcej ,18411886 

3 DriabaniLi itl4ntSS6, 



46 iSeo 8i'S 
36 I1870! 79-1 



'■ "74 57 
169' 44 



61 Btttavia 18641886 23 1 

8.K. Quadrant of Western Uemispber 



W4 1 74°) "8 



1867 53-2 1427 1^85 28-1 

.875 65'8 52-3 iSBs'se-S 
1S86 51-6 35-3 1871 ir2 



. «; 53 

H, U, 

I 70 56 



S.W. Qaadraut of Western HemiRphen 



65 Buenos Ajteb . . 
66, EBtaneia Sun Jun 
67 Cape San j^ntonii 



'.869 46- . 
-1B83I 38'S 
1 1 86c 43-4 



I 230 131, 65 ] io 



> Combined Becord. 

> Proportional Hos. Table 111. Quart. Jour. fioy. Ktt. Soe. Vol. XIT. wnveitod bvm 
arer^gea ot 31 statiooB, Iabl« I. 
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above the mean 1846-85. A drought extending over a considerable portion 
of these years is seen at the 5 stations given in Siberia and China, and 
also at many of the European stations there appears a tendency in the same 
direction. 

It may, however, be remarked that over portions of the same period there 
was an excess in parts of the United States ; the number of years above the 
mean of the same period at Boston was 18, and at Rochester, U.S.A., 15 ; 
the wettest years at each of these stations having occurred during the period 
which was so dry in Central Asia. 

At the St. Bernard, 1881-49 were chiefly characterised by an excess, while 
at Lisbon 1886-51 there was chiefly a deficiency of rainfall. 

It may be here stated that references to the mean are merely intended to 
indicate that the period in question had a tendency to an excess or deficiency 
of precipitation without any reference to the true value of that mean. It may, 
however, be remarked that some of the facts which have come under the 
author's notice would tend to prevent him from placing too much confidence in 
taking as a true mean at difierent stations exactly the same years at each, 
particularly for short periods. It is obvious that if there is any general 
sequence existing of wet and dry periods, as some assert, and if such can be 
found, a true mean, if such exists, should embrace a due proportion of 
both wet and dry years ; and on the whole it appears rather likely that the 
truest absolute mean is that which embraces the largest number of years. 

6. EesuUs. — Paris has the longest record, commencing in 1689; breaks 
unfortunately occur, seriously diminishing the value it would otherwise 
possess. 

Padua, beginning in 1725, and the series compiled by Mr. Symons which 
the author has called the '* English Batios " beginning in 172G, present 
facilities for comparison and combination which appear to him to be superior 
to those possessed by any others. 

Next comes Milan, commencing in 1764. 

Thus Italy, the former home of Hydraulic Engineering, has, as might be 
expected, a very valuable series of older records.^ 

The observations at Kendal were commenced by the celebrated Dr. Dalton 
in 1788, and there are observations in Europe, Asia, North America, 
Australia, and the Cape of Good Hope, enabling 5 quadrants to be repre- 
sented, however imperfectly, for the eight lustra from 1846-1885. The 
romaiuing quadrant in the Northern Hemisphere, containing California, only 
begins to be represented in 1851, with the exception of Sitka, of which the 
record is incomplete. 

1 The author has extracted comparatively little in proportion to the opportonity 
a£forded from sacb mines of information as the " Annali delV Uffieio CentraU 
de Meteorologia '* of Italy ; Schott's tables, pablishcd by the Smithsonian lastitution of 
America ; Dr. Wild's magnificent series, pablished at St. Petersburg ; the Indian Meteoro- 
logical Memoirs of Mr. Blanford, and Raulin's collections of the rainfall in France ; 
but he has chosen a few of those which appeared to him the most perfect and those 
scattered oyer the widest area : the tendency of such records is to coUeot thickly round 
certain old-entablished centres of observation. 
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The earliest continuous record known by the author to exist in the 
Southern Hemisphere is that commenced at Adelaide, in Australia, in 1889. 
Then comes the Cape of Good Hope in 1842, and the Province of Buenos 
Ay res in 1858, but he has not obtained any previous to 18G6 for the quad* 
rant containing New Zealand, consequently for the four lustra 1866-85 all the 
quadrants can be in some measure represented by stations possessing records. 

The Mfujnitude of fall in any particular year at the stations given varies 
from IGO'O ins. at the St. Bernard in 1889, to 8 ins. at Sandiego in Call. 
fornia in 1868. 

The value of the means, as taken in the table, varies from 74 ins. at 
Bombay, for the 70 years 1817-86, to 9-5 ins. at Sandiego for the 86 years 
1860-85. 

The table of percentageo exhibits remarkable variations. Calling the 
means 100, the percentages of the wettest years vary in the longer records 
from 291 at Sandiego, and 289 at the St. Bernard, to 121 on the averages 
of all stations at the Cape of Good Hope, English Ratios and Barbadoes 186, 
and Calcutta and Toulouse each 148. 

The percentages of the driest years vary from 76 on the average of 
the Cape of Good Hope, 78 at New Haven and New Bedford, 70 at London, 
down to 82 at Sandiego. 

Calling the wettest year 100, the percentages of the driest years vary as 
follows, — excluding those which may be considered in some degree as averages 
in which extremes are apt to become modified, and also the shorter records, — 
from London with 49 or about ^, down to 14 or ^ at the St. Bernard, and 
11 or ^ at Sandiego. These figures indicate the greatest range which exists 
at any station which has come under the author's observation. 

The greater number of those stations exhibiting a very high range appear 
to be seaports, such as Sandiego, Genoa, Bahia Blanca, Marseilles, La 
Rochellc, Oran, New Orleans, Madras, &c. 

Some, however, such as the St. Bernard and Warsaw, are not seaports, but 
the part of the coast to which Mont St. Bernard is nearest is that lying be- 
tween Genoa and Marseilles, both of which stations exhibit a very high range. 

It will be noticed that while the percentages due to wettest years vary from 
291 to 148, with a difference of 148, those due to driest years vary only from 
70 to 82, giving a difference of only 88. 

The yearly values and those of periods of varying length appear to be 
continually rising and falling, and the above-mentioned phenomena are also 
often observed in comparing differences between the yearly maxima and 
minima, which are constantly occurring in different years of the same record, 
the former being frequently much greater. This shows how violent is the 
change due to wet years when they occur, and appears also to account for 
the excess in the number of years below a mean often seen in a long record ; 
the general rule apparently being that droughts are longer continued, while 
wet periods are of greater intensity. 

It also appears to follow as a kind of corollary to the above, that although 
some of the driest years often happen close to some of the very wettest, yet 
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that a high range of UU genorallj oanses a bigh average fall at snoh a time, 
and the converse of this appears to be gonerallj tnie. And nhen this occurs 
about the same time in a nomber of records combined as an average, the 
reeolt is marked in the aame way. 

It also appears to the author worthy of being broi^ht before the Society 
that by analysing these saccesBlve yearly maxima and minima by what 
he calls a comparative system, any record, bo for as be has seen, can be 
divided into periods of varying length, the average of which often bears mnch 
resemblance to the mncb searched for shorter cycle. The method is as 
follows : — The ordinary yearly maxima and minima are called " extremes of the 
first order;" and those among these culminating points, higher or lower 
respectively than those on either side of them, " extremes of the second order," 
those of the second order, higher than those next them, ore "extremes of the 
third order," 4c. 

The extremes of the first order occur on an average every 8 years in the 
English Ratios and in the record of Padna. 

Those of the second order occnr as follows in some of the larger records : — 
English Ratios, Average Interval • Max. 9-66 years ; Min. 9-14. 

Padna 

Geneva 

Eendal 

New Haven and New Bedford 

Third order extremes occur in the English Ratios and Padua at intervals on 
an average of from 24 to 84'5 years; the records are not long enough 
to detennine the higher periods with advantage. These characteristic points do 
not always occnr in the same year at different stations, except at epochs each 
as 1872 in Europe, when the rainfall is proportionally similar over wide|area8. 

The sun-spot record as given in the Mtmoira of tite R. Ait. Soe, 
Vol. XLm. gives two second order extremes of maxima with intervals of 69 
and 88 years ; the intervals are 86 and 46 years in the minima down to 1866. 

This method is a perfectly rigid one, and can be applied to any curve of 
varying extremes. In the case of the rainfall onrves the interval between 
extremes is a highly variable one. 

The following is a comparison of differences between maxima and also 
between minima, as shown in some of the longer records : — 



Moj. 


1108 


Min. 


10-84 


M«j. 


10 


Min. 


9-10 


Uai 


9-14 


Mil. 


7-88 


M>i 


7-78 


Min. 


10-20 


Max 


0-29 


Min. 


9-88 



Maiima. 



Minima. 



! Differences. 



■SIS 



Engliah Batios 

Pa^aa 

Milan 

Oeneva 

Kendal 

Nbw Haven Si New) 
: Bedloid, U.S.A. ] 



Ina.. InB.1 
1 11-3.31 



liSHi 



IllB.{ 



a £ 3 2 



l|"7+' 



„ I 4l-8'>77> '7-8,iBii 
li'S 45'» i(l44 iyf.'^r' 1 
ii-8|14-8:'3l9 io7l*J»,i 
11856 44-|l«i-+.i79o .,-4llSB7 J 
11816, ig'9 47-»l37o 3o-7|i846 1 
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Although, io coDScquencc of these records emhraciog periods of different 
lengths, they cannot afford conclusive evidence, from a comparison of their 
extreme years, as to the existence of wet or dry periods, yet the author 
thought it would he of interest to ascertain the number of wettest and driest 
years in the tables falling respectively within the successive lustra. They are 
as follows : — 



Wettest Years. 




Driest Years. 






No 


of Years. 




No. of Years. 


1772-1814 




4 


1733-41 


) • • 


2 


1821-25 






1821-25 


•• 


6 


1826-30 




3 


1826-80 


• • 




1831-35 




1 


1831-85 


• • • 


4 


1836-40 




2 


1886-40 


1 r • 


8 


1841-45 




4 


1841-45 


1 • • 


8 


1846-50 




7 


1846-50 


• • 


1 


1851-55 




5 


1851-55 


1 • • 


8 


1856-60 




4 


1856-60 


I . • 


7 


1861-65 




8 


1861-65 


1 . . 


12 


1866-70 




8 


1866-70 


• • 


9 


1871-75 




14 


1871-75 


• • 


8 


1876-80 




5 


1876-80 


• • 


6 


1881-85 




7 


1881-85 


. • 


7 


1886 




1 


1887 


• • 


2 


of Records 




68 


. • • • • • 


• 


68 



The number of wettest years falling between 1866-75 = 22, and that of 
di'iest years falling between 1861 and 1870 = 21, is worthy of remark. The 
year 1872 has the highest number, 6, among the wettest years, then comes 
1884, 4, and 1873 and 1846, 8 each. Among the driest years 1822 comes 
first with 5, 1861 with 4, 1864, 1865, 1866, 1869 and 1877 with 8 each. 

With respect to this agreement being strongly marked over wide areas, the 
year 1872 is the most remarkable instance which has come under the author's 
observation, nearly the whole of the stations adjacent to the Western Coasts 
of Europe, from Upsala in Sweden to the South-west extremity of the 
Spanish peninsula, a range of over 2,000 miles, having been characterised in 
that year by a very heavy fall, which extended a considerable distance inland. 

A similar state of things prevailed also in the Cape Colony in the same 
year, as has been elsewhere pointed out by the author. 

It is somewhat curious that just a century before that a tremendous rainfall 
appears to have occurred. 1772 was much the wettest recorded year at 
Padua, and Eaulin has published records from which it appears that this was 
also the wettest year at Marseilles. In the English Ratios the wettest 8 years of 
the series culminated in 1775, and from Raulin's records it appears that the 
state of things in the neighbourhood of Amsterdam was very similar. In 
1884 the highest recorded fall took place simultaneously at each of the 8 
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Califomian stations, extending over 500 miles of seaboard. 1846 was very 
wet at the 8 stations in Central Asia, and above the mean at 6 ont of the 8 
Indian stations. Other similar instances might be given. 

7. Diagrams and averages, — The author thinks it may interest the Society 
to exhibit diagrams of some of the principal records, and also of some 
numerical averages of the records of the stations subdivided in the manner 
shown in the table, as these have been found by the author in published 
records, with the necessary interpolations supplied, each average consisting 
of complete records extending over the same periods of time respectively. 

These appear to indicate that there was an average excess of rainfall at the 
stations given, occurring as follows : — 

In the Northern Hemisphere, at the European stations in 1872 and 
1888-89 ; Asia in 1846, 1874 and 1884 ; California 1884 and 1862 ; Sitka, in 
Alaska, in 1844; the United States and Barbadoes in 1878 and 1846. The 
highest average for the stations representing the Northern quadrant being 
that for 1878. 

In the Southern Hemisphere, the stations of the Cape of Good Hope 
and Mauritius had an average excess in 1872, 1878, 1874, 1878 and other 
years ;^ those of Australia and Batavia in 1870 and 1872 ; New Zealand 
1875; Buenos Ayres 1878 and 1888; Rio Janeiro, the highest 5 years 
average being 1881-85. (See Met. Zeit. June 1889, E. A. Goldi.) 

Combining the Stations in the Northern and Southern Hemispheres the 
highest recent averages were for the years 1879, 1888 or 1878. 

An average deficiency appears as follows : — 

In the Northern Hemisphere, at the European stations in 1849, 1861, 
1868 and 1854 ; at those of Asia in 1860, 1855, 1857 ; California in 1877 
and 1868 ; Sitka in 1872 and 1861 ; U.S.A. and Barbadoes 1885 and 1854. 
The lowest averages being those for 1854 and 1868. 

In the Southern Hemisphere the records are not so complete for the earlier 
years ; as far as they go, the average is lowest for the Cape of Good Hope 
and Mauritius stations in 1866, 1865 and 1880 ; in Australia and Batavia in 
1865, 1868, 1881 and 1854 ; New Zealand 1885, 1881 and 1866 ; Buenos 
Ayres 1861. The lowest general average being 1861. 

Combming the stations of the Northern and Southern Hemispheres the 
lowest averages are for 1854 and 1861. 

The regular nature of the curves between the chief maximum culminations 
in the longer averages of the Northern Hemisphere is worthy of remark. 

Thus the more recent highest averages are contained within the 15 years 
from 1870-84, and the lowest in the 18 years from 1849-66. And it is 
somewhat remarkable that the most recent maximum rainfall culminations in 
Europe should occur about 1888-9 and 1872. in a very similar manner with 
the appearance of the more important recent maxima of sunspots of 1887 

1 Taking South Africa alone, 1872 was on the average the wettest in all parts ; 1874 
was the wettest in the eastern provinces and Natal ; 1876 the wettest in the eastern 
provinces alone ; and 1878 the wettest in the Capo Poninsola and the west. 
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and 1870, both bemg about 33 jeun apart, and tfaat the smi^ot nmumiim of 
1856 ihoald nearlj eoineide with the corresponding raznfiJI fnTnimnm period, 
the abore being stmspot etdminations of the second order. 

A similar eomparatiye cxxlminadon of snnspot TnaTtmA oeeuned in 1778, 
approximate! J about the time of the extracodinary excess of European rmin> 
fidl described abore. 

It mutt be remarked that there nerer appears to be an absolute exeen or 
deficiency in any year at all the stations. On the ccmtrary, the diflieatty is to 
find a few stations together with a similarly proportioned rainfalL 

The revolting figures tend rather to indicate whether similar changes ap> 
pear at standard stations in different parts than to settle the absolnte qnanttty 
of rain falling on the gbbe in any particular year. At the same time, so £ur 
as the evidence of the stations goes, it appears that the average is hi^er at 
eortain periods than at others. The author wishes, however, to guard himself 
against assuming that similar changes necessarily go on over the areas lying 
between the stations ; and he wishes to refer to averages for periods within 
tolerably wide limits rather than to the values for particular years, and he 
thinks that such periods appear to display a somewhat symmetrical variation 
in diflerent parts of the globe, though the characteristics of some years are 
more developed at certain stations than at others. 




DISCUSSION. 

Mr. HUTCHINS said that nearly all the periods of excess of rainfall quoted by 
Mr. Tripp corresponded with the cyclical periods of heavy rainfidl in Capie 
Colony, the only two exceptions being 1844 and 1846. The periods of drought 
also coincided very closely with the South Afirican rainfall cycles, there being 
but five exceptions out oi a total of nineteen periods, and these five were not 
entire exceptions. As regards sunspote and seasons, Mr. Tripp's nniiYiniTirp 
rainfall periods wotdd be found to correspond more closely with Dr. WolfTs 
cycle of 11' 11 years than with sunspots as observed. This, as hQ had diown 
elsewhere, was one of the most remarkable features in the regular rainfEdl of Cape 

Town. 

Dr. Tripe drew attention to the great difference in the elevation of some of 
the stations. He thought that the variation between the records of stations 
not very far removed from one another, for example, Genoa, Marseilles, and the 
St. Bernard, seemed unaccoimtable, except it was chiefly due to differences in 
elevation. 

Mr. Symons considered Mr. Tripp's rainfall table was most valuable, especiaUy 
as showing the relation between extremes and means. As regarded Dr. Wolffs 
sun-spot cycle figures, he would much like to know from what epoch the ll'll 
year period was supposed to be calculated. 

Mr. Tripp (in reply) said that he had been interested in noting, in papers 
written on the subject, great similarity in dates of culmination with those in his 
paper, not only in South Afirica, but in different parts of the globe, but he did not 
consider that speaking of the 11*11 year period of sun-spots was quite accurate, 
as the intervals between the successive culminations varied from 8 to 16 years, 
and, 80 far as he could see, it certainly did not seem that any particular period 
was established to within a few years, except as an average year of precipitation at 
the St. Bernard ; and it was also the wettest recorded at Barnaul. He considered 
that the division into years sometimes interfered with the due recording of cul- 
minations, but some division of time must be taken, and he had therefore 
adopted the usual one. Ho had not given the elevation of the stations, because 
the places were well-known. It was remarkable that the three stations, 
Marseilles, Genoa, and the St. Bernard, each had a great range of rainfall. 
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Mr. Ellis remarked in regard to the sun-spot question, that Wolff discussed 
the observations of sun-spots through a great number of years, and determined 
therefrom the epochs of maximum and minimum. He found the average period 
to be 11*11 years, but with considerable irregularity in the recurrence of the in- 
dividual epochs, some being much accelerated, and some much retarded, as 
compared with the average. We cannot take any particular epoch and carry 
it backwards and forwards by 11*11 years, or its multiples, and consider that 
such, as it were, fictitious epochs can supersede, or be in any way preferable to 
those deduced directly from observation, and he was 'surprised to hear that 
periods of excessive rainfall were thought to Ml in better with such epochs. The 
svmpathetic relation existing between sun-spots and terrestrial magnetism is a 
thing about which there is no question, but the magnetic phenomena Ml in with 
the sun-spot phenomena as actually observed. The irregularities in both 
phenomena are similar, one proof indeed of sympathetic relation. And it is only 
reasonable to suppose that, if any corresponding relation exists between sun-spot 
and meteorological phenomena, it would similarly become evident by agreement 
between the fiEicts as observed. 



MUTUAL INFLUENCE OF TWO PRESSURE PLATES UPON 

EACH OTHER, 

And Comparison of the Pressures upon Small and Large Plates. 

By W. H. dines, B.A., F.R.Met.Soc. 



[Received April 1st.— Read May 2l8t, 1890.] 

In May 1889 I communicated to the Society the result of some experiments 
on Wind Pressure, and some interest was excited by the fact that eight 
circular holes, each of 1 square inch section, bored in a foot pressure plate, 
did not appreciably lessen the pressure. A request was made by some of the 
Fellows that I would, if possible, extend the experiment, and accordingly the 
following experiments have been made. 

Inasmuch as boring holes and covering them up with a movable shutter 
was found rather inconvenient, another plan was adopted. Two precisely 
similar strips of wood 4 feet long by 8 inches broad were obtained, and 
arrangements were made so that they could be mounted on the whirUDg 
machine side by side, either with the long edges in contact, thus presenting a 
plate 4 feet long by 6 inches broad or with an open space of any width up 
to 18 inches between them. 

The pressure was determined in the manner described in a former paper.^ 
Calling the pressure upon one of the strips taken alone, 50, the following 
figures show the pressures corresponding to various widths of open space 
between the strips : — 

1 QuarUrly Journal^ Vol. XV. p. 182. 
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It will be seen b j these figures that the strips cease to influence each other 
appreciably as soon as they are separated by their owh width, and also that 
when they are placed with a gap 1 inch wide between them, the pressure 
would hardly be altered by filling up the gap and making one solid plate 7 
inches wide. This latter result affords a proof of the accuracy of the 
preceding experiment with the plate with the holes in it. The figures are 
based on the results of about 50 experiments. 

I have abo made experiments upon the effect of placing one of these strips 
edgewise to the wind in the neighbourhood of the other. The arrangement is 
shown in the following diagram, which represents a section, the wind coining 
from the right. 
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Taking 50, as before, for the pressure upon the strip A, when exposed by 
itself, and x as its distance from B, the pressure when B and A are in 
contact will be represented by J55, and on separating the strips this value 
seems to decrease uniformly, until when x = from 9 to 10 inches, the influence 
of the second plate B becomes inappreciable. If we suppose the wind 
direction to be reversed so that B is behind A, then it (B) appears to lessen the 
pressure upon A when placed near it, but its influence ceases at a shorter 
distance and becomes inappreciable at about 4 inches. These results are 
based on about 40 experiments. 

Turning now to the effect of the size of a pressure plate, which is a sub- 
ject of considerable importance, and one on which experiments are urgently 
required, since it has long been a disputed question whether the pressures 
were proportionally greater or less upon the larger plate. 

Experiments made upon the whirling machine at Hersham have led me to 
suppose that the greater the plate the less proportionally is the wind pressure 



DINES MUTUAL INFLUENCE OF TWO PRESSURE PLATES UPON EACH OTHER. 207 

apon it, bat it is only comparatively small plates with which experiments can 
be made in this way. Hence I have endeavoured to balance larger surfaces 
of different sizes against each other by placing them at the ends of levers of 
different lengths and exposing them to the natural wind. Three plates 
were used — the first, 6 feet by 7 feet ; the second, 8 feet by 8 feet ; and 
the third, 1 foot 6 inches by 1 foot 6 inches. The large plate, 6 feet by 7 
feet, was connected with the 8 feet plate by two long thin boards placed 
edgewise, so that the plates, but not the boards, might catch the wind, the 
centres being 12 feet 9 inches apart. The two plates thus connected were 
then raised to the top of a pole 12 feet high, the pole forming a pivot round 
which they could turn, the plates being one on each side of the pole but at 
different distances from it. 6y arranging so that the larger plate might be 
near the pole, and the smaller one at some distance from it, it was found 
possible to make the wind pressure upon the smaller plate just balance the 
pressure upon the larger one, so that when the wind met them both perpen- 
dicularly there was no tendency for the arrangement to turn either way. This 
was found to be the case when the centre of the larger plate was 2 feet inches 
from the pole and the centre of the smaller plate 10 feet. 

The larger plate contains 42 square feet and the smaller 9 square feet, so 
that if we take 10 feet for the distance of the smaller plate from the pole, the 
centre of the larger plate ought to be f^ feet, i.e. a little under 2 feet 
2 inches, instead of 2 feet 9 inches. Hence this experiment shows that the 
pressure per square foot upon the larger plate is only 78 per cent, of 
that upon the smaller. 

Taking the 8 feet by 8 feet, and the 1^ feet by 1^ feet plates, and con- 
necting them in the same way, the corresponding distances were found to be 
1 foot 4| inches and 4 feet lOi inches, giving the pressure per square foot 
on the larger plate as 89 per cent, of that upon the smaller. 

I found a decided difficulty in adjusting the equilibrium, but that was pro- 
bably due to the want of a good exposure. The plates were exposed in a 
level field 20 yards from trees of any kind, and 50 yards from trees above 20 
feet high; the wind direction, however, was constantly shifting through an 
angle of 90^. Changing the distances from the pole a few inches made a 
marked difference in the positions taken up, so that I see no reason to doubt 
the accuracy of these results. 

The pressures upon the edges of the connecting boards have in both 
instances been neglected. 

It seems probable that a decrease of pressure per square foot with an 
increase of size may be taken as a general rule. I was led to think from the 
result of experiments made last year (Quarterhj Journal, Oct. 1889) that 
the pressure upon a plate 6 inches in diameter was proportionately less than 
u^on a foot plate, but I now believe that my conclusion was wrong, the greater 
pressure upon the foot plate being probably caused by an eddy from the frame 
of the apparatus used for mounting the plates. The edge of the larger plate 
being nearer the frame, it seems reasonable to conclude that it would be mor^ 
tvffected tht^n the other, 
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On the Variations of Pressure caused by the Wind blowing 

across the Mouth of a Tube. 

Bt W. H. DINES, B.A., F.BJ[eL8oc. 




[Beecmd Apdl lis.— Bead Maj SUt, Id9a] 

A WHDKLDIG WATHTyK secms to affiord special exilities for ezperimentiDg with 
this type of aDemometer, since it is easy to nm a fine tube from the end of 
the kmg arm to the centre of the machine, and measnre, by the difference of 
level of a coloured liquid in a U-diaped glass tnbe, placed at the centre, the 
Tariations frtnn the normal valne of the pressure, which are caused by the 
motion of the air across the other end of the tnbe. 

A piece of brass tnbe, 1 inch diameter and 6 inches long, was obtained and 
moonted at the end of the long arm, so that it conld point in any direction, 
its month being 28 feet from the axis of the whirler. A piece of ^ inch 
composition tnbe, of the kind used for pneumatic bells, was bron^t from the 
brass tnbe to the centre of the machine and ended in a U-shaped gauge. On 
the machine being tamed, the motion of the air across the month of the brass 
tube caosed a variation of the air pressure within it, which variation being 
transmitted through the connecting tube, was shown on the gauge at the 
centre. When the machine is in motion the pressure is not transmitted to 
the centre without change, but is altered by the centrifugal force acting upon 
the air inside the tube ; the difference thus caused can however be found with 
perfect accuracy. If a horizonal tube AB, I ft. long, filled with liquid, is 
turned with angular velocity w about a vertical axis through A, there will be a 
difference of pressure between A and B, which will be equivalent to a head of 

'Q/v~ ^' ^^ ^^ ^^°^^ liquid. When the tube is 28 ft. long this difference 

is considerable ; but air being very light compared with water and the tube 
being full of air, it is easy to balance it by a shorter tube containing water. 
It will be found that the difference in pressure thus caused in a tube 1 ft. long 
containing water is equal to the difference in pressure caused in a tube 28 ft. 
long containing air, the air being taken at st^dard temperature and 
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pressure ; and hence allowance for this action was obtained by making the 
horizontal branch of the U tube 1 ft. long. 

Having found the principle of using the centrifugal force to measure wind so 
convenient in other experiments, I have used the same plan again here. Fig. 1 
shows the arrangement which has been used. A 6 and C are three glass tubes 
containing coloured water, in communication with each other. B is fixed and 
placed at the centre of the whirler, but the distances of A. and C from B are 




B 



J\^ 



■dJ 



Fig. 1. 

adjustable at pleasure ; the communication being made in fact by flexible 
india-rubber tube. The pipe from the end of the long arm is connected with 
the top of B by an air-tight joint, and A and C are open to the air. A zero 
line is marked on B, and the experiments were made by adjusting the 
distances of A and C from B, so that rotation of the whirlcr caused no change 
in the level of the liquid in B. One pipe, cither A or C, would have done, but 
in that case B must have been accurately placed at the centre of the whirler ; 
using two pipes at equal distances from B a small error of this kind is 
eliminated. The two pipes are also convenient, because the small change in 
level which is almost inevitable as the machine goes round, does not of itself 
move the liquid from the zero mark on B. As stated above, when A B = 
B C = 1 ft., the motion does not alter the level. 

The following values have been determined : — I. Brass tube vertical, so 
that the air blows across the mouth. 



3 
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H 



m 



Fio. 2. 

For equilibrium A C = 86| inches. 

A very slight inclination of the tube cither way causes a decided falling ofi 
in the partial vacuum produced. 

n. Tube horizontal, or air blowing straight down the mouth of the tube. 
For equilibrium A C = 2 ins. 

NSW 8SBIBS. — ^YOL. ZVI. Q 
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In this position a considerable inclination, abont 10° to 15°, is admissible 
before an appreciable change of pressure occurs. 

ni. Tube horizontal, but air blowing away from mouth. 

For equilibrium A C = 26 ins. 

In this position a slight change in the angle increases the vacuum pro- 
duced. 

To reduce these values to a difference of water level, we notice that when 
the velocity is 60 miles an hour, one complete turn is made in two seconds, 

and, therefore, w =^ w. Substituting for I in the expression o~ ^^^ remem- 



% 



w« 



bering that in each case a pressure of q~ must be added to compensate for 

the effect of the centrifugal force upon the air in the connecting tube, wc find 
that 

In case I. we have a partial vacuum of 2*10 ins. of water. 
,, II. ,, an iacreaso of pressure of 1*82 in. of water. 
,, III. ,, a partial vacuum of 0*82 in. of water. 

These values refer to a velocity of 60 miles an hour ; at half the pace they 
will only be i as great ; at ^ the pace only ^ as great, and so on, following 
the ordinary law with regard to wind pressure, viz. that the pressure varies as 
the square of the velocity. 

The same values were found to hold in the case of a tube of ^ in. diameter. 

If two thin discs be placed horizontally, one a little above, and one a little 
below the mouth of the tube, the partial vacuum (case I.) is reduced, bat the 
arrangement is not so susceptible to a small change of incHnation as the open 
mouth is. With two discs, 4 ins. diameter, one f in. below and tho other 
f in. above the open mouth, the partial vacuum at 60 miles an hour is 1"14 in. 
of water. 

I have also takeu the opportunity to determine the vacuum at the back of 
a pressure plate. With a foot plate, square, the partial vacuum close to tho 
back at the centre is *89 in. of water at 60 miles an hour, and the increase of 
pressure in front at the centre is 1*82 in. ; the same value which is given by 
the wind blowing down the tube. 

The simplicity of this kind of anemometer is of great advantage ; it does 
not seem capable of registering any low velocity, but that is a defect common 
to most pressure instruments, because the pressure at low velocities is so 
very small. For strong winds, however, it seems very suitable, and the 
arrangement is greatly recommended by the fact that the head can be placed 
in any position, however inaccessible to the daily observer, and communi- 
cation made w^ith the registering part by a long tube. According to the well- 
known law of Hydrostatics the tube, however loug, will faithfully and 
immediately transmit any variation of pressure. 
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DISCUSSION. 

Mr. Lauohton said that the ingenuity of Mr. Bines's apparatus had impressed 
him ahnoet more deeply than even the very remarkable and valuable results 
which had been obtained by it. There was one point in the comparison of the 
pressures on plates of different sizes which appeared especially curious, the 
difference, namely, in the percentage of variation : it almost seemed to show 
that nothmg can be deduced ; that every result will have to be determined by 
independent observation. He should like to ask Mr. Dines whether the results 
given in the paper were to be held true for all wind forces, or whether they might 
be expected to vary with the strength of the wind ? What had been said about 
the variation in the vacuum of anemometers of the Hagemann type, caused by 
an inclination of the tube, was a great blow to himself; a shattering of his idols, 
in &ct. He had long cherished a hope that this type of anemometer might be 
adapted to use on board ship, so that the indications of a tube running up one 
of the masts might be read in the captain's cabin. This would now appear to 
be impossible; miless, indeed, it should be found practicable to have the nozzle 
of the tube fitted in gimbals, so as to remain always in the vertical position. 

Mr. Stmons sug^;ested that the amount of edge in the plates used might have 
something to do with the results obtained ; for when this factor was taken into 
consideration the figures appeared to follow a more regular sequence. He en- 
tirely agreed with Mr. Dines in believing that very few, if any, buildings could 
resist the enormous wind pressures frequently registered by anemometers. 

Mr. BiBCH inquired whether Mr. Dmes could state the actual pressure and 
velocity when the relation between the resistance caused by the various arrange- 
ments of plates was established ? and over what range of velocities, if any, he 
thought that relation might be expected to hold good ? 

Mr. BncHAN remarked on the great ingenuity of Mr. Dines's apparatus, and 
said that as regarded wind observations, he had never yet seen any possibility of 
discussing such observations except for direction only. He was much interested 
to find that the pressure proportionately increased as the area of the surface of 
the plate dimimshed. He described some experiments which he and Prof. 
Darwin had seen Mr. Dines make concerning the distribution of pressure upon 
surfisM^es placed at various angles to the wind, and stated that when the surfaces 
were inclmed at an angle of 56^ it was found that a larger pressure was obtained 
than when the exposure was normal. 

Mr. MuNBO said that similar results to those obtained by Mr. Dines had been 
ascertained firom the observations made at the Forth Bridge Works. Two plates 
were exposed, the large one being made of wood, and it was found that the 
pressure per foot on the larger plate was always only about half what it was on 
the smaller one. The great question to solve was, what was a reasonable or 
sufficient size for such pressure plates ? 

Mr. Ghattebton inquired what was the maximum velocity which the tube 
arrangement of Mr. Dines could record ? 

Mr. Stmons said that he believed that it was on record that when the building 
for the Ghreat Exhibition of 1851 was being constructed, a wind pressure of 15 lbs. 
on the square foot was considered to be the greatest strain it would have to 
withstand. 

Mr. Ellis was glad to find that Mr. Dines was continuing his very valuable 
experiments, and further said that he shoiild like to testify to the difficulty of 
dealing with pressure instruments as regards the registration of great pressures. 
In the Greenwich Osier anemometer the pressure plate was formerly connected 
to the recording pencil by means of a copper wire passing down the long vertical 
tube reaching firom the anemometer to the recording table, an arrangement 
which he never liked, and in the year 1882 at his suggestion the copper wvre was 
replaced by a fine brass chain, since which time the greatest pressure registered 
in gusts has not exceeded about 80 lbs. on the square foot, in some years 20 lbs. 
only or a very little more had been registered, whilst in the year 1889 the 
greatest pressure recorded was only 15 lbs. He did not believe in the great 
pressures at times registered at Greenwich previous to the year 1882, and a can- 
ticmary note in regard to these pressures was inserted in the Introduction to the 
Qreenwich volume for 1886 and following years, as well as in the Beport on the 
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Bojal OfaaerTKkiry for the jesr IdSd, wbieh 9ppean in the Qmaiierhf Jtmrwal of 
the SodetT iTc^ XV. p. 99». He did noi me«n to saj thst gmter fmwufcu 
nngfat not be eTperieneed in the coontrj eliewfaere. It ahrmTS Tjcinfd to him 
that the fnioic ptMe being deflected m hcATr gniU with great soddemieeB, 
the eopper wire at ndi times acted irregnlarij/bm the braes diain, alwajs in 
ff»«M»», appeared to work more smoothlr, the moTcmenis of the l e mrding pencil 
better rapesenting thoae of the ptcasuie plate, whilst the aetioo wasothowiae 
mare defieate. as was shown by the greater eicyllpnre of the rpgiitfr of very mnall 
Ifusiiins For moderate pr e ssums he considered that the leeord had been 
alwa jB hiAj zehable. In the earlj jears of the Osier record 25 lbs. on the 
aqnaie foot was tKnegKt to be an extreme presnre; in intermediate years 
greater presmres certainly became regiaered, bot since the year 1882 there has 
been no farther imtsnrr of apparently ex cessive pressoie. In regard to the 
qoestiao by a preTioos speaker why the pn'smi i fd effect of the copper wire was 
not ■»'*«M» in the expcnmoiss from time to time made for detemmaticm of the 
pieaBQic scale, he woald remark that the ti^ngmg of a definite dead wei^it on 
to the preasaze plate is a very difierem thing to the sodden and fioce action of 
the wind on the plate in heaTy gusts, which coald scarcely be artificially imi- 




Mr. Tupp remaiked that according to his observadons of recent reerads of rain- 
foD, the *■ fifties * and * sixties * appeared to hare been yean of absence of cyclonic 
distorbances, while daring the * serenties ' soch disturlMnees seemed to hare been 
in excess. 1% would be interesting to know whether the conre of wind preasore 
for these years coincided with these inforences, as it had been remariEcd by Mr. 
Symons that there had been great differences in the estimation at different 
periods of the amomit of allowance to be made for soch pre s sures in bmldings, 
and the lyeaker thought that these cone np o n ded somew h at with ^e above 
o b a ciia tions of rainfolL 

Ifr. Disss said that he most thank the Society for the kind way in which 
they had received his pi^er. With regard to Mr. LuigJiton*s qnestion, he had 
noticed that the percentages b e tw ee n the two pain of plates were different, and 
eonld not explain it> bat he thoaght it woald be very desirable that some one 
wfaoeoold gets good exposore shoald repeat the experiments, since he had 
worked onder considaahle difficohies in that respect. He saw no reason to 
doobt that the rplstions b e tw ee n the p re ssures h^ for aD velocities. He did 
not think it woald be possible to use the tnbe form of anemometer on board 
shqs becaose the month of the tnbe being moved about by the rolling of the 
vessel, it would not be possible to say what proportion of the pressure or vacuum 
produced was due to the wind, and what was due to tbue rolling. It might be 
poemble to design some form of registering imaratus which would show the 
small differences of pressure due to h^it winds, out he thought that when such 
Bh^t differoices as ^ of an inch woe concerxied, the apparatus must be very 
dehcate and liable to error. He agreed with Mr. Svmons that an increase of 
the perimeter of a plate proportianaDy to the area di^ increase the fnessure, but 
he could give no reason for such being the case. Mr. Bud^an had referred to the 
action of the wind i^on a sloping surfoce, and had suggested that experiments 
should be made imon larger surfoces. The whirling machine at Hersham would 
not carry much beyond a foot plate, because the larger sires required much 
strongcar apparatus and conseq[uently much greater wei^it. Also a very power- 
{al en^ne would be required. It required iMariy 2-hone power to move a foot 
plate throo^ the air at 60 miles an hour, spart from the kuig arm and supports, 
and the 4>h(»se powes engine which he had at Hersham could not give a greater 
velocity than 50 miles an hour to the end of the whizling machine when ue foot 
plate was used. He (Mr. Dines) had calculated that at least 150 h. p. was used 
hj a locomotive engine running at 60 miles an hour in overcoming the air re- 
sistance i^on itself apart from the tender and carriages, and he could not under- 
stand why some of this loss was not avoided, as is easily might be. Answering 
Dr JTripe, he said that he did not believe that there was any peculiarity about 
Gireular plates, he thought they would follow the same rule as other shapes ; in 
all the cases which he had tried, namely circles containing areas of }, }, t, and 
1 ft., ^e pressure had been nearly the same as upon square plates of the same 
Mr. Chatterton had inqmred wheth^ the tube form of anemometer 
amwer for high Telodties; he thoaght it wwM answer admirably, and 
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that the rale of pressnre varying as the square of the velocity might be tmsted 
to hold for the whole range of possible wind velocities, excepting perhaps for the 
very lowest. Mr. Ellis had referred to the momentum of pressure plates. He 
believed that the high pressures recorded were mostly due to the momentum of 
the moving parts carding the index beyond its proper position ; and Mr. Ellis's 
remarks about the Greenwich anemometer had confirmed his belief. Mr. 
Strachan had remarked that the subject of wind pressure generally was one of 
mechanics, and no doubt it was so. This special branch of mechanics, however, 
viz. hydro-dynamics, was so difficult, and the mathematical analysis required 
so complicated and abstruse, that personally he could not attempt to approach 
the subject from that side, and he believed that it was only in a few hmited 
cases that a rigorous mathematical solution could be obtained. 

In conclusion, he should like to say that he thought the tube form of anemo- 
meter a very good one indeed, but there were two points about it which must 
not be overlooked. It was essentiallv a pressure and not a velocity instrument, 
and its indications of velocity would certainly depend upon the density of the 
air. Secondly, if the registering part be placed away from the head, as must 
j^nerally be the case, the communication must be made by means of two tubes, 
m such a manner that the actual pressure of air in the room in which the regis- 
tering part is placed cannot affect the instrument. Otherwise, the opening of a 
door or window, or even stirring up the fire and increasing the draught up the 
chimney, would appear on the record as a change of wind velocity. 



On the Difference produced in the Mean Temperature derived from Dally 
^ Maximum and Minimum Readings, as depending on the time at 
which the Thermometers are read. 

By WILLIAM ELLIS, F.R.A.S., of the Royal Observatory, Greenwich* 



[Received May 17th.— Bead Jane I8th, 1890.] 

The maximum and minimum readings of air temperature which appear in the 
Oreenxdch Observations are those of the maximum and minimum thermometers 
on the revolving stand, and refer to the civil day from midnight to midnight. 
When the Greenwich maximum and minimum temperatures were first 
communicated to the Royal Meteorological Society for insertion in the 
Meteorological Record^ in the table giving results for London stations, they 
were supplied as thus tabulated for the Greenwich volume, and as indeed 
previously also appearing in the Weekly Return of the Registrar General. 
But on this arrangement, the separate daily readings were not comparable 
with those of the other London stations, since the latter were tabulated 
according to the plan adopted by the Society for stations termed " Climn- 
tological." In consequence of which the Greenwich values, since the 
beginning of the year 188G, have, at the request of the Society, been supplied 
according to the climatological plan, that is to say the reading of tho 
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maxjninm thcimomebT for the tweDtr-fonr boon ending Sfa. mja. is ottered 
to tbo preceding cini Jay, and the reading of the minimmn to the same civil 
(lay. 

Withont coDHideratioD of Uie matter it mi^t be sopposed that, with valnes 
Ul'iiluted according to the two methods described, the monthly means of the 
maximnm and minimum readings wotild, on the arerage, be eimitar on both 
iyxtc-mH. 13nt on making the necessary comparisoD, a perceptible difference, 
nInioKt always in the same direction, was Ibond to exist, not only between the 
meiLiiH of tho nitiximnm readings, but also between the means of the minimnm 
rcwIingH. ThJH, it appeared to me, might have snfEcient interest for the 
FollowH of tho Royal Meteorological Society to make it desirable to 
coiiimiiuicaU) to the Hociety the rcsnlts of a comparison made for the four 
years IHHG to 1669. The differences fonnd to exist between the two sets of 
moans ore given in Table I., from which Table 11. is fonned showing the 
differoneos in the mean ten)pcratarc of the different months thereby 
produced, as derived from the mean of the maximnm and minimum readings. 

It will, uf course, be understood that the differences given in the Tables 
nru difforoucos uf indication iif the same maximnm and the same miuimam 
tliuriiiouKiter (Uiusu of tho revolving staail) arising simply from difference in 
tho motliod of tabulation. 




KxKniiiiiii|( tht' various columns of Table I. it is seen how persistent is the 
li'iiilt'tu'V In ilillVn-iiw ii) cue dinvlinu. Especially is this so as regards tie 
imtiiis I'f lln' iiiiniuium rvWiugf. which not only differ more than do those of the 
liut\iiiiiiiii niHliiigs. but diff.T abo by ainoimt^ that vary considerably with the 
Imio wf jiiu', Uiiig apiHirwitly t-n-alesl in t^priiig and autamn, less in summer, 
ami li'Wl. U<ili)l iudiwl rvrvrst'd in din.'clioi]. in winter. The difference between 
till' lui-Mnx of lb(< miiiiuimu nitdiiigs iu thi> month of Stplimbor is csiiocially 
tvtUMrknUi'. {MUrUculM'l.v m the yt^ar It^t'O. In eiplaualiou of these differences 
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TABLE n. 



Month. 



Excess of Climatological Monthly Mean 

Temperature above Civil Day Monthly 

Mean Temperatare. 



1886. 



January . . . . 
February . , . . 

March 

April 

May 

June , . . 

July 

August 

September . . 

October 

November , . . . 
December .... 

Means 



-fo-25 
— 005 
4-0-15 
-fo'55 
4-0-45 
4-0-25 

4-0-45 
4-0-25 

4-0-85 
4-0*30 

4-0-15 
000 



4-0-30 



1887. 



—0-15 

•4-0-20 

4-0-35 

4-0'20 

+0-35 

•4-0-35 
4-0-25 

4-0'io 

4-035 
4-0-15 
4-0-45 

000 



-f 0*22 



1888. 



— 0*05 
4-0-15 

■4-0-45 
4-0-25 
4-0-45 

4-0-05 
4-0-35 

4-o-6o 

4-0-45 

4-0*15 
4-o'io 

■fo-35 



1889. 



o 
— 0*20 

4-0-05 

4-0-05 
-fo-20 

4-0-25 
4-0*30 
4-0*20 
4-0-25 

4-0*45 
4-025 

4-0*15 
4-0*35 



Mean. 



— 0*04 

to'og 
0-25 

4-0-30 
-i-o-37 

4-0*24 
4-0-31 
4-0-30 

4-0-52 

-f 0'2I 
4-0-2I 
4-0-I8 



-|-o*27 I 4-0*19 ' 4-0*25 



it is to be remembered, first as regards the maximum, that the daily reading 
for the twenty-four hours ending 9h. a.m. being, according to the 
climatological plan, placed to the preceding civil day, if the temperature 
between midnight and 9h. a.m. should in any case be higher than that for the 
twenty-four hours ending with midnight, the recorded climatological maximum 
will be higher than that for the civil day ending at midnight, and a few 
instances of this kind occurring during a month tend to throw up the 
climatological mean as compared with the civil day mean. On the other hand, 
as regards the minimum, if the temperature between 9h. a.m. and midnight 
should fall below that for the twenty-four hours ending with 9h. a.m., the 
minimum recorded for the civil day will be lower than that recorded on the 
same day on the climatological plan, and this occurring occasionally during a 
month tends to make the climatological mean again relatively high. So that 
the climatological mean maximum and minimum both become increased as 
compared with those given by tabulation according to the civil day. Or the 
mean temperature as derived from the mean of the maximum and minimum 
readings differs, according to the system of tabulation employed, in the way 
shown in Table 11. 

There is a converse case, both as regards maximum and minimum, not 
apparently occurring so frequently as the cases before mentioned, excepting 
in winter, and consequently generally insufficient to compensate for their 
influence on the mean values. For instance, the temperature may happen to 
be higher between midnight and 9h. a.m. than at any time during the twenty- 
four hours ending with the following 9h. a.m., in which case the civil day 
maximum would be the higher of the two. Or the temperature may be lower 
between 9h. a.m. and midnight than during the twenty-four hours ending 
with the following midnight, in which case the climatological minimum will be 
the lower of the two. 

The anomalies mentioned arise only when the diurnal variation of 
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temperature is abnormal. When the daily maximum occurs at the ordinary 
time, in early afternoon, and the minimum shortly before sunrise, the maxima 
and minima, on both the systems of tabulation mentioned, would, in the 
absence of great fluctuations of temperature from day to day, be in this 
country generally similar. The cases of abnormal change first mentioned are 
those that more frequently occur, excepting in winter, whilst those afterwards 
spoken of are more especiaUy prevalent in winter. 

As respects the great difference between the means of the minimum 
readings in September 1886, I have gone over the numbers again, and find 
the difference to be really correct, and due to the instances in which the 
temperature before midnight fell below that of the preceding night. On one 
day especially, September 10th, the minimum for the twenty-four hours 
ending 9h. a.m. was 61^*1, the climatological minimum for the day, but 
before the midnight following the temperature fell to 46°*0, which was the 
minimum for the day according to civil reckoning. Thus 0°*6 of the 
difference (1°'6) between the monthly means was produced by this one case. 

It may be further pointed out, as concerns the variation between the means 
of the minimum readings during the course of the year (last column of 
Table I.) that the greatest differences occur at those periods of the year 
which, on the average, are most free from cloud, spring and autumn, whilst 
the negative differences are found during the most cloudy period, that 
of winter. 

The tiibulation of the maximum and minimum readings according to the 
plan adopted for Second Order stations, by which the maximum and 
minimum readings for the twenty-four hours ending 9h. p.m. are placed to 
the day of reading, seems likely to give mean values more in accordance with 
those found from tabulation according to the civil day, but I am not at 
present prepared to offer any evidence on this point. 



ADDENDUM. 

Reference is made in the preceding paper to the system of registering the 
maximum and minimum temperature adopted for stations of the Second 
Order (according to which they are tabulated for the twenty-four hours 
ending 9h. p.m.) as likely to give means more in accordance with those found 
from values referring to the civil day, but no evidence on the point is given. 
It however happens that the observations of the thermometers in a Stevenson 
screen and on the roof of the Magnet House at the Royal Observatory 
are recorded on the Second Order station plan, and as their daily readings 
have been compared with the corresponding readings of the ordinary 
maximum and minimum thermometers on the revolving stand, the monthly 
means of the observed differences, if applied to the monthly means of the 
Stevenson screen and roof thermometers, enable us to infer therefrom the 
monthly means of the ordinary maximum and minimum thermometers on 
the revolving stand according to the Second Order station system, and so 
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eompare them vith means of readings of tho same UiermometerB applying to 
the civil day, midnight to midnight. In these results Sundays are omitted, 
the StevenBon screen and the roof thermometers not being read on Sundays, 
bnt ae the question is one of diS'erences, this does not signify, ao long as tho 
same days are used in all cases. Snch resnlts are available for the years 
1886, 1887, and 1888. but not for 1889, the discussion of the work for that 
year not being yot complete. By the process described, apparently involved, 
but under the cir com stances reaU; saving labour, it will be seen that in the 
annexed tables we have, as before, simply differences of indication of the 
same maximum thermometer and the same minimum thermometer (those of 
the revolving stand) as depending entirely on the method of tabnlation. 



Eicesa of Seoond Order 

Maiimam above Civil Day 

Maximum. 



18S7. iS8g. iMean. 



sa of Seoond Order 
jam above Civil Day 
Mimmaiu. 



Febniaiy 
Uarch .. 

May '.'.'.'. 

July '.'.'.'. 

September 
October.. 

NovemboT 
Deoembei 



S 



■05; +o->s| 



■3 i+o' 



lit" 



K^ 



+0-041 +oogl +O'09!-|-o<i8 



+o'36l+o-3s|-H>'aa 



BOTAL DBSEBTATOBT, OBEENWIOH. 
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TABLE rV. 



Month. 



January 
February 
March .. 
April .... 
May .... 
June .... 
July .... 
August . . 
September 
October 
November 
December 

Means 



Excess of Second Order Monthly 

Mean Temperature above Civil Da y 

Monthly Mean Temperature. 



1886. 



+ 



o'i5 

O'OO 

0-05 

O'lO 

30 
030 

0-20 
0*25 

0-35 

O'lO 

005 
0-15 



+0-13 



1887. 



o 
-f-O'IO 

- -0-38 

-|-0'I2 
-j-O-23 

- -0*32 

- -0-30 

>*25 
>'02 



-f-0'30 

4-0-18 

--O'ly 
- -0'33 



1888. 



o 
O'OO 

•28 

4-0*17 

--0I5 

+0-30 
+0*05 

40'12 

--0-30 

-(-0*20 
+0*13 
--0-25 

4- O'lO 



+0-23 I +0-17 



Mean. 



+008 

4-0-22 

4-0'o8 
-4-o*i6 

+0*31 

4-0-22 

+o*ig 
+019 
4-0-28 
+014 
+0'i6 
+0'og 



+018 



ROYAL OBSERVATORY, GREENWICH. 

Excess of Values of Second Order Maximum, Minimum and Mean Temperature, above 

the corresponding Civil Day values, 1886 to 1888. 
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-^ 
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"^ 



-¥0,90 



o 00 



" oso 



Mean- 
Tsrnp. 



______ _^_j 



FiQ. 2. 



^OJO 



o 00 



^ oso 



It thus appears that the differences between the Second Order system 
means and the civil day means are of the same general character as in the 
comparison given in the paper between the Climatological means and the 
civil day means, but are less in amount. There is not, however, such marked 
variation between the means of the minimum readings in different parts of 
the year as is shown in the comparison with the Climatological means. 

The mean monthly numbers of Tables I., II., HI., and IV., are graphically 
exhibited in the accompanying diagrams (Figs. 1 and 2). 
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DISCUSSION. 

The President (Mr. Latham) asked if the same indtmments were used for all 
the observations. 

Mr. Bayabd said that he was much interested in these comparisons. He had 
thought, when the question of the difference between the Climatological and 
Second Order observations had occurred to him, that it would be very slight, 
and certainly Mr. Ellis's results showed that the vEuriation was not greater than 
might be due to what was termed * personeJ equation.* Very few observers 
would agree precisely when reading the same thermometer to tenths of a degree. 

Mr. G. Harding inquired whether Mr. Ellis coidd give any idea of the 
number of occurrences of abnormal variations between the climatological and 
civil day maximum and minimum temperatures. He was surprised that the 
difference between the means was not greater, for he had found when using the 
Greenwich climatological temperatures, that they frequently differed con- 
siderably from the civil day values. 

Mr. Marriott said that he was very pleased indeed that Mr. Ellis had taken 
up this subject, because it bore so closely on the system of observations organised 
by the Society. The table of differences between the Second Order and 
Climatological temperatures wss very striking, and he was glad 1o see that there 
was such close agreement. He then proceeded to explain on the blackboard the 
principles upon which the Climatological and Second Order Observations were 
made, and showed how abnormal variations in temperature produced the 
differences between the maxima and minima observed under the conditions of 
the two methods. 

Mr. Symons said that as it was only the civil day readings that differed so 
largely from the climatologiceJ readings, the results of this paper seemed to 
point to the desirability of the Greenwich Observatory authorities adopting the 
ordinanr meteorological day, either ending at 9 a.m. or 9 p.m. 

Dr. Tripe said that there was every reason to be satisfied with the results of 
this comparison. The system of Climatological stations organised by the 
Society was chiefly arranged to suit the convenience of a large number of 
observers who found it impracticable to take regular evening observations, and 
the close agreement between the residts of observations made by the same 
instruments on this plan and of those made under Second Order conditions, 
proved the wisdom of the course taken in establishing these Climatological 
stations on their present basis. He should have expected more plus signs 
during February than were shown in Mr. Ellis's tables, as a nse in the 
temperature during the night is a rather common occurrence in this month. 

Mr. Ellis in reply said that the maximum and TninimnTn thermometers on 
the revolving stand, in the Stevenson screen, and on the roof of the Magnet 
House, are really different instruments, but it would be seen that it was not the 
indications of these different instruments that come into comparison in the paper, 
the residts given being simply differences of the means of readings of the 
maximum and minimum thermometers on the revolving stand, as depending on 
the method of tabulation: they were therefore strictly comparable. The 
differences are not in general large, but they are real, and not of the character 
of personal equation. As regards the number of times that the daily maximum 
and minimum readings, taken according to the climatological plan, differ frx)m 
the readings on the civil day system, the numbers for the year 1886 have been 
counted, with the following result : — 

Maximum Minimum | Moximum Minimum 

Month. differs on differs on Month. differs on differs on 

January ... 8 days. 18 days. I July 8 days. 7 days. 

February ... 4 „ 7 „ August ... 1 „ 8 „ 

March ... 1 „ H »» September ... 1 „ 16 „ 

April ... 5 „ 10 „ October ... 8 „ 10 „ 

May ... 8 „ 8 „ Novombor ... 6 „ 13 „ 

June ... 3 „ 10 „ December ... 11 „ 20 „ 

Monthly mean temperatures (mean of niaxinuim and niininiuni) on the cliniato- 
loj^ical plan may be considered to be practically siiiiilar to means on the 
Second Order system. But both differ from the civil day means. Since, how- 
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ever, it has been authoritatively laid down that, at primary stations, maximmn 
and minimum readings should be tabulated according to the civil day, ending with 
midnight, we cannot, as suggested, give up the civil day arrangement, although 
if thought desirable the monthly means of readings might be given in addition, 
according to the Second Order system and Climatological plan. 



On the distribution of Barometric Pressure at the average level of the 
Hill Stations in India, and its probable effect on the Rainfall of the 
Cold Weather. 

By W. L. DALLAS, of the Meteorological Office, Calcutta. 
(Communicated by R. H. Scott, F.R.S.) 

(Abstract.) 



[Received May 6th.— Bead June 18th, 1890.] 

The author shows, by a comparison of the cold weather rainfall of India in 
January 1889 and January 1890, that whereas the former was in excess of 
the average over the greater part of North-western India and in Ceylon, the 
latter was very deficient in both quarters. On comparing the mean distribution 
of pressure in the two months as shown by stations on the plains, he finds 
that their main features are very simDar, except that the general pressure was 
lower in the latter and drier year. In both years it was such as to produce 
a preponderance of anticyclonic winds. When, however, be compares the 
pressures at the hill stations (at elevations varying between 8,600 and 7,500 
ft.) he finds that those afford evidence of baric gradients of very different 
intensities in the two years, and reversed in direction from those on the 
plains. According to the method of reduction adopted by the author, the 
gradients in January 1889 appear to be about double those prevailing in 
January 1890, and to this circumstance he attributes the greater prevalence 
of Southerly winds and rainfall in January 1889. 

He also compares the barometric conditions, winds and rainfall of two 
storms that passed across Northern India in February 1889 and February 
1890, and finds that at low levels their barometric features were remarkably 
alike, the rainfall being much heavier at the hill stations, while none fell in 
the Southern Punjab in the storm of the latter year, whereas in that of the 
former year it was more general on the plains. But in the barometric readings 
of the hill stations, he finds evidence of a very different distribution of pressure, 
and he considers that herein lay the explanation of the differences in the 
rainfall. 
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ON THE RELATIVE PREVALENCE OF DIFFERENT WINDS 
AT THE ROYAL OBSERVATORY, GREENWICH, 

1841-1889. 

By WILLIAM ELLIS, F.R.A.S., of tho Royal Observatory. 



[Beceived April 29th.— Bead June 18th, 1890.] 

Mb. Prince, of Growboroagh Observatory, Sussex, having in his Meteorological 
Report for the year 1889 drawn attention to the greater prevalence of North- 
east winds which he has found to exist at Growborough in recent years, I have 
thought that it would be interesting to put together the results derived from 
the records of the self-registering Osier anemometer of the Royal Observatory, 
Greenwich. The numbers contained in the annexed table are either copied 
or derived from those given in the annual volumes of Greenwich 
Observations. The results from 1841 to 1860 are given in an Appendix to 
the volume for 1860, and for the remaining years in the several annual 
volumes. Until 1869 the results are given for days, and since 1870 for 
hours. The day unit is, however, here retained for better comparison with 
Mr. Prince's values, or with those of other observers, that is to say the 
values for hours since 1870 have been divided by 24. 

In considering this Table it would appear that in some of the earlier years 
the number of calm days is in excess of the true amount, arising probably 
from some rule having been adopted for the classification of days as calm 
which admitted too many, otherwise the^ same general balance of winds 
seems to be maintained throughout, the several means for 24 years and 25 
years giving no indication of any great change in this respect, neither is 
there any appearance of change in late years such as Mr. Prince finds at 
Growborough. 

But to consider now the statements of Mr. Prince. He says, '* The great 
preponderance of North-east wind over all other wind currents, and more 
particularly over that from the South-west, which has obtained during the 
last five years, has induced me to look through my journal since 1858 in 
order to ascertain whether I had a record of any similar condition of the 
principal wind currents of the South-east of England. For the thirty-one 
years, ending with 1889, 1 find only two instances in which the North-east has 
been in excess, viz. in the years 1864 and 1870." 

The corresponding number of days of North-east and South-west winds 
for Growborough and Greenwich in the years 1864 and 1870 are as follows : — 

Year. Crowborough. Greenwich. 

NE. SW. NE. SW. 

1864 ... 104 89 48 108 

1870 ... 107 88 65 96 



222 ELLIS — PBEVALBNCB OF DIFFEBENT WINP8 AT OBEENWICH, 1847-89. 



NUMBEB OF DAYS OF PBETALEHOB OF DIFFEBEMT WINDS IN EACH YEAR 184I tO 1 889, A8 
DERIVED FROM THE RECORDS OF THE SSLF-RSaiSTERINO OSLER AnBMOMETER OF THE 
BOTAL ObSERTATORT, GREENWICH. 



Year. 


N. 


NE. 


1 
E. 


8E. 


S. 

1 


' SW. 


W. 


1 

. KW. 


Calm. 


1841 


40 


19 


22 


9 


49 


112 


60 


17 


' 37 


1842 


46 


40 


31 


15 


31 


112 


38 


25 


27 


1843 


42 


44 


22 


8 


18 


102 


37 


29 


63 


1 1844 


48 


57 


18 


14 


22 


89 


35 


26 


: 57 


1845 


30 


49 


II 


13 


43 


.104 


43 


38 

1 


34 


1846 


27 


25 


21 


18 


39 


; 94 


32 


; ^3 


86 


1847 


41 


23 


16 


4 


55 


; "I 


36 


10 


69 


1848 


53 


38 


19 


36 


58 


i 90 


29 


1 20 


23 


1849 


59 


54 


20 


23 


39 


1 102 


35 


' 22 


II 


1850 


49 


48 


24 


21 


30 


116 


27 


19 

1 


31 

1 ^ 


1851 


52 


39 


21 


20 


28 


; 100 


37 


25 


43 


1852 


45 


58 


36 


21 


52 


1 108 

1 


27 


8 


II 


1853 


43 


65 


16 


27 


28 


1 86 

1 


32 


27 


41 


1854 


31 


45 


17 


20 


30 


! "7 


42 


30 


33 


1855 


56 


74 


23 


17 


25 


' 84 


30 


26 


30 


1856 


44 


54 


27 


30 


31 


80 


50 


26 


24 


1857 


21 


58 


28 


27 


33 


119 


34 


21 


24 


1858 


26 


61 


38 


27 


26 


106 


40 


. 29 


12 


1859 


31 


54 


16 


29 


25 


128 


40 


31 


" i 


i860 


30 


47 


26 


19 


22 


120 


64 


31 


7 


1861 


26 


43 


29 


17 


22 


119 


59 


25 


1 

1 
25 


1862 


27 


46 


20 


32 


17 


118 


71 


22 


12 ' 


1863 


21 


33 


20 


24 


22 


138 


60 


28 


19 


1864 


44 


43 


34 


27 


28 


108 


32 


16 


34 


1865 


40 


30 


18 


28 


24 


97 


47 


22 


59 


1866 


28 


31 


27 


14 


28 


119 


62 


22 


34 


1867 


43 


40 


29 


21 


37 


119 


41 


26 


9 


1868 


39 


43 


20 


19 


37 


"3 


54 


18 


23 ! 


i86g 


38 


51 


24 


26 


27 


, 112 


50 


27 


10 


1870 


39 


65 


29 


24 


26 


96 


49 


28 


9 


1871 


37 


50 


38 


31 


36 


100 


47 


17 


9 


1872 


35 


23 


17 


24 


50 


123 


61 


17 


16 


1873 


30 


46 


29 


19 


27 


1 108 


69 


20 


17 


1874 


37 


36 


29 


23 


30 


104 


80 


21 


5 


1875 


42 


54 


38 


26 


39 


100 


51 


14 


I 


1876 


45 


40 


40 


35 


41 


94 


55 


16 





1877 


36 


30 


25 


18 


46 


"3 


69 


25 


3 


1878 


48 


36 


37 


20 


32 


94 


63 


28 


7 


1879 


39 


50 


41 


21 


43 


105 


39 


16 


II 


1880 


38 


65 


34 


16 


37 


106 


42 


15 


13 


1881 


39 


49 


34 


25 


41 


107 


38 


22 


10 


1882 


26 


35 


25 


28 


46 


127 


41 


22 


15 


1883 


41 


37 


26 


30 


41 


"5 


40 


27 


8 


1884 


40 


42 


38 


25 


41 


103 


49 


18 


10 


1885 


44 


55 


35 


30 


39 


107 


30 


20 

1 


5 



Again, on the average of 25 years, 1859 to 1883, Mr. Prince finds for 
Crowborough, North-east 63 days, South-west 99 days. The corresponding 
Q)*eenwich values are 43 and 111. 



BLUS — PBEVALBNCB OF DIFFEBBNT WINDS AT QBEBHWICH, 1847-89. 228 



NUUBEB or DATS OF PBB7ALBN0B OF DIFFBBEKT WINDS IN EACH TBAB 184I TO 1889, AS 
DBBIYED FBOM THE BBOOBDS OF THE SELF-BRaiSTEBINQ OSLEB AnBMOMETEB OF THE 

BoYAL Obsebvatory, Gbeenwich. — Continued. 



Year. 


N. 


NE. 


1 
E. 


SE. 


S. 


SW. 


W. 


NW. 


Calm. 


1886 


42 


49 


44 


20 


40 


97 


45 


16 


12 


1887 


58 


62 


34 


17 


30 


94 


40 


21 


9 


1888 


49 


49 


33 


24 


39 


105 


41 


18 


8 


1889 


51 


44 


28 


24 


40 


96 


45 


20 


17 


Means j 




















1841- 


39 


46 


23 


21 


32 


107 


41 


24 


32 


1864. 




















Means ) 




















1865- \ 


40 


44 


31 


23 


37 


106 


50 


21 


13 


1889. ) 




















Means ] 


















1841- 


40 


45 


27 


22 


35 


106 


46 


22 


22 


i88g. 





















N. 


NE. 


E. 


41 


102 


21 


N. 


NE. 


E. 


49 


52 


85 



W. 


KW. 


Calm. 


50 


17 


• •• 


W. 


NW. 


Calm. 


40 


19 


10 



Mr. Prince gives the average frequency of different winds 1886 to 1889. 
From the accompanying Table I have prepared corresponding numbers for 
Greenwich. Wo thus have : — 

Mean prevalence of different winds, 1885 to 1889. 

At Crowborouoh. 
SE. S. SW. 

22 88 72 

At Greenwich. 
SE. S. SW. 

23 87 100 

Mr. Prince further gives averages of 47 years, which be has since informed 
me are for the years 1848 to 1889, as follows : — 

N. NE. E. SE. S. SW. W. NW. Calm. 

88 G8 29 27 28 91 59 86 

The Greenwich values for the corresponding 47 years from the annexed 
Table, are : — 

N. NE. E. SE. S. SW. W. NW. Calm. 

89 46 27 28 84 106 46 22 22 

For the individual years, 1885 to 1889, the comparison as regards North- 
east and South-west winds is as follows : — 



Year. 


Crowborough. 


Greenwich. 




NE. 


SW. 


NE. SW. 


1885 


98 


74 


65 107 


1886 


102 


88 


49 97 


1887 


128 


67 


62 94 


1888 


95 


71 


49 105 


1889 


88 


65 


44 96 



Means 



103 



72 



58 100 



em 

Tkask tk« nmdtM for the two 
IB a way tiia£ Ium not preriaaalj 
It vooiri be SAW izLtercsciDi? to 
ftasiatica fienred firom. o 
Crovboroogh. 



pbcn ireeBtseiTii 



1847-89. 
m hlejcan 






V vilh mnittr 
to 



DISCUSSIOK. 

Th£ PssaiDCST flCr. Tjtthamt mid that he ahrmrs fcimicd to Meertain the 
liir^etion of the wind firom the moticn of krw doci& or smoke. He did not tmst 
to vaneflT m they so freqaentlr goc fixed ; ind pcobdblj some of the difieteuees 
shown in the p^er mieht be doe to erron m the Taoes. 

Mr. Stmovs read the following letter from Mr. PriDee* of Crowboroogii 
Bea<r^Qfn: — 

*- Dear Mr. Symoos, — JkM I find that I shaD not be able to attend the Meeting 
of the Boyal Meteorological Society on the 16th frwtant, I send yoa records 
a* to the 'preyalence of Xorth-east and South-west winds at Forest Lodge, 
Maresfield, and Crowboroo^ respeetiyely, the former from data kindly 8ii|»plied 
to me by Capt. Xoble, F.RA.S. 

** The* vane at Forest Lodge is abont 230 feet and mine 850 feet above sea- 
leveL The observations mere made at both stations at 9 ajn. Forest Lodge is 
sitoated nearly five miles in a soath-west direction from Crowboroii^ 



Crowboroo^ 



Forest Lodge. 



Greenwich. 



Tears. 



NE. 



SW. 



NE. 



SW. 



1885 
1886 
1887 
1888 

1889 



98 
102 
128 

95 

88 



74 
83 
67 
7> 
65 



77 
88 

120 

73 
96 



71 
80 

71 
S9 
78 



Blank 
Dsva. 



51 
23 
33 
72 
37 



NE. 



55 

49 
62 

49 



SW. 



107 

97 

94 
105 

96 



Mean 



102 



72 



90 



75 



43 



52 



ICO 



'* It will be seen by examination of the above table that the records kept at 
ForeHt Lodge are not complete, throngh absence of the obser\'er, bnt bv inserting 
corrections to the particnlar blank days taken from my own Joomal at Crow- 
borongh we arrive at results given in the following table ; — 



Crowborough. Forest Lodge. Greenwich. 
NE. SW. NE. SW. NE. SW. 



Mean as above 

The Mean 4- cor.\ 
rcction applied for 
216 blank days at 
Forest Lodge 



102 



72 



90 



18 



75 



6 



52 



100 



102 



72 108 



81 



52 100 



** Tlio application of this correction shows that the net reduced results at both 
places arc practically the same. — Yours faithfully, C. Leeson Prince." 

Mr. Bymonh said that he did not think that Mr. Prince's vane was open to the 
charge of being fixed or stuck. He then described the position of the vane and 
the method by which its indications were read, and showed how he had thought 
timt it was possible the vane may have become affected by a lofty addition to Mr. 
Prince's house. It did not, however, appear that such was the case, as the ob- 
servations made by Capt. Noble at Maresfield, about five miles distant from 
Crowborough, confirmea Mr. Prince's results. A vane fixed to a pole or mast 
often gave very unreliable observations. He had had a vane so fixed in his own 
garden, and had found that in dry weather the pole cracked and gradoiJly 
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twisted round until the cardinal points had moved as much as 40° from their 
true position. When damp weather set in the pole twisted back to. its proper 
position. 

Mr. C. Harding said that he had compared the wind observations obtained by 
the Meteorological Ofl&ce for 8 a.m. each day at London, Dungeness and Hurst 
Castle for the five years 1885 to 1889, and had found the number of days of 
North-east and South-west winds to be as follows : — 



1 

Years. 


London. 


Dnngeness. 


Hurst Castle. 














NE. 


SW. 


N£. 


SW. 


NE. 


SW. 


1885 


42 


69 


38 


56 


72 


63 


1886 


41 


62 


41 


46 


78 


67 


1887 


58 


53 


65 


45 


92 


51 


1888 


51 


65 


41 


65 


72 


7S 


1889 


48 


60 


40 


56 


73 


56 


Mean for 5 years .... 


48 


62 


45 54 


77 52 



NE. 


SW. 




0-7 




1-2 




1-8 




1-2 




0-7 



Considering the mean result for the five years 1885-9, and t£kking the North- 
east winds as imity, the respective results are — 

Crowborough 

Greenwich 

London 
Dungeness 
Hurst Castle 

Ho could not say wlietlier the last f^'w years had been exceptioneJ with respect 
to the prevalence of North-east winds, but it was noteworthy that recent years 
have been marked by an absence of great storms so far as the British Islands 
are concerned, and more especially over the South of England. 

Mr. Ellis said, regarding the question of periodical variations of the wind, 
that he did not himself attach much importance to such periodicities as were 
pointed out by Mr. McDowall (see next paper), considering them to be more of 
accidental character, rather than as indicating recurring phenomena. On the 
question of the sticking of vanes he might, perhaps, mention an experiment 
which he once made with the Greenwich Osier vane, as showing the delicacy of 
its action. It may be premised that a collar on the vane shaft bears upon anti- 
friction rollers, running in a cup of oil, rendering the vane very sensitive to 
changes of direction in light winds. On the occasion in question the Bobinson 
cups were tiuming at the rate of about four revolutions per minute, indicating a 
verv low velocity. The Osier vane was pointing South-by-west. It was turned 
by hand to East, but, when released, slowly came back to South-by -west. It was 
then turned to West, and similarly came back nearly to South-by -west. O^er 
trials have been made with similar results. 
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ON SOME RECENT VARIATIONS OF WIND AT 

GREENWICH. 

By ALEX. B. MacDOWALL. 



[Received April 29th— Read June 18th, 1890.] 

Among the tabular statements issued from the Royal Observatory, Green- 
"wich, is one which shows the relative proportion of wind each year reduced 
to the four cardinal directions. These four numerical series present some 
interesting features of variation,— the nature of which appears to call for 
more elucidation than it has yet received. 

In the accompanying diagram are given (lower part) two curves showing 
the variations in Easterly and Southerly wind during the last 80 years 
(1860-89). The horizontal dotted line indicates the average of Easterly 
wind during the period (69*9 days). 

In studying those and the other data, we are led to note the following 
points : — 

(1.) The proportion of Easterly winds has been in general increasing. 
Observe the general rise in the curve and its successive maxima ; traversing 
at times within the last ten years the curve of Southerly winds. 

In the first 15 years, the sum of the days is 962 ; in the second it is 
1185. Grouping the years in fives, we have the following sums : — 

817, 801, 844, 864, 867, 404. 

(2.) The fluctuations in the proportion of Easterly winds tend to widen. 
Thus, if we compare the intervals between minima and their following 
maxima, we have the series : — 

22, 29, 80, 44, 49. 

(8.) The recurrence both of minima and maxima presents a certain regu- 
larity. We find minima in 1868, 1867, 1872, 1877, 1882, and 1888, 
giving the series of intervals 

4, 5, 5, 5, 6 years. 

Relative maxima are found in 1861, 1864, 1871, 1875, 1880, and 1885 ; 
giving the scries of intervals 

8, 7, 4, 5, 5 years, 

which is evidently loss regular. 

(4.) To the minima of Easterly wind gonorally correspond maxima of 
Southerly wind, and to some extent maxima of Easterly wind are found with 
minima of Southerly wind. Thus the curve of Southerly wind presents 
more or less regular recurrences ; the intervals between the maxima arc 
4, 5, 5, 5, &c. The series of minima is rather irregular. 
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The most noteworthy featnreB of the two remaining cuttos, for Northerly 
and Westerly winds rospectivcly (which eeem very irregular, and are not 
here given), are perhaps those ; — 

(5.) There is a general rapid rise in the proportion of Northerly wind from 
an absolute minimum in 18B2 to an absolute maximum in 1687 ; and there 
IB a continuous fall in the curve of Westerly winds from an absolute mail* 
mum in 1888 to the lowest point yet reached (in those 80 years), in 1889. 
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VariatioDa of Wind at Greenwich. 



The numbers are as followi 

1882. J883. 18R 

North. 48 

West. 



18S5. 1886. 1887. 



70 



151 128 114 110 ine 100 90 

The niftxima of Southerly wind corrcsimiul Bomctimoa witli a high point, 
aomctiiiics witli a low oue, in cithur of the curves of Northerly and Westerly 



C'»mpiiTiii^ 
wicli (see din. 



'iirvi' iif mean htirJ/out:il ii 
I, ii]iiier piii'L) wt' iiud that - 



iveiiii'iit of the air at Urecu' 



(6,) Tb« mmrma rA YASterij iriads and mA-riwtm of Soatherfy winds 
geoendl J eccrecpood wiUi rdatire TnaTfma in the carre of hofizantAl more- 
meuL fit 13 known that Easterij winds hxre the lemst aTenge intensity of 
all windj ; being weaker than Xortheiij, these again than Soatherij, mm! 
these than Westerij.) We hare then in this horizontal moTement curve 
• Doihe r ease of reeanenee, finding reJatire m^-Hw^ ^t the following 
interrals: — 

5, 4, 5, 5, 6 years. 

(7.) There is apparently a smilar recnrrenee in serere winters (in recent 
yesrs). Comparing the winters of those dO years in respect of sererity, we 
find relative maxinu (of severity) in the foDowing years : 18&I-65, 1869-70 
(interval 5 years), 1874-75 (5 years), 1879-80 (5 years), 1885-86 (6 years). 
These winters correspond pretty neariy, it will be seen, with the Tna-HTna of 
Easteriy wind. 

A proximate explanation of this recnrrenee of aboat 5 years wonld, no 
dooht, appear from a comprehensive survey of the conditions of barometric 
pressure obtaining throoghont those 30 years. Bat the caoses of relative 
displacement of those barometric maxima and minima, fr^m time to time 
(producing wind variations), are still in the main a terra incognita for 
meteorology. 

Do these data, it may be asked, afford any ground for prediction ? One 
can only say, that should this recurrence (say) in the curve of Easterly 
wind be continued, we should rather expect, having passed a minimum, 
i^arently in 1888, to have, during this year (1890) and next, increasing 
proportions of Easterly wind. On the other hand, the high position now 
reached by the curve for Northerly winds, and the very low position of that 
for Westerly winds, would lead us to expect an early fall in the former and 
rise in the latter. And a study of winters with regard to relative severity, 
appears to suggest, that next winter will be still milder than its mild pre- 
decessor. But knowing how certain the unexpected is in meteorology, I shall 
not venture further on dangerous ground. 
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ON THE 

ACTION of LIGHTNING DURING THE THUNDERSTORMS of 
JUNE 6th & 7th, 1889, AT CRANLEIGH, SURREY. 

By Capt. J. P. MACLEAR, R.N., F.R.Met.Soc, F.R.G.S. 



[Baoeived June 7th— Bead June 18th; 1890.] 

DuBiNa the thnnderstonns of Jnne 6th and 7th, 1889, so many trees were 
struck within a radius of 4 miles from Cranleigh, that I set to work to 
discover, if possible, the cause of selection of these particular trees ; for, 
contrary to general expectation, they were not the^ highest nor the most 
prominent in their immediate vicinity ; and though I cannot say I have solved 
the question, as the causes of preference appear to be very slight, yet I think 
I can put forward some interesting facts which may help us to a further 
knowledge of the nature of the electric discharge, and the course it may be 
likely to follow. 

On June 6th, the storm first appeared to the southward of Cranleigh, 
about 4.48 p.m., and it passed about 4 miles to the South-west. About 6.80 
p.m., shortly before rain commenced, the following objects were struck, 
apparently about the same time, but, as no accurate observations were made 
as to time, it cannot be determined whether one or several discharges were 
concerned. On Dunsfold Common, 4 miles South-west of Cranleigh, a cottage 
was struck, a chimney at the south-east end knocked down, and the register 
grates on two floors started from their places ; a haystack about 100 yards 
south of the cottage was set on fire, and two poplars 800 yards West of the 
cottage were struck, each tree having a score down it, 1^ inches width of 
bark being stripped ofif. On Hascombe Hill, 1^ miles north of the cottage, 
and 400 feet above its level, a spruce fir was shivered ; at Alfold, 1} miles 
south-east of the cottage, two oaks were struck, one was only scored but the 
other was split (this latter tree was struck again and splintered the next day) ; 
also three oaks about a mile to the westward of the cottage were struck, but 
as it is only coigecture that they were struck at the same time I shall not refer 
to them again. More trees may have been struck in the neighbourhood but 
not noticed. 

As for the causes of these objects being selected, it will be seen that they 
lie nearly in a line North-west and South-east 8 miles in length. Mr. Marriott 
has shown {Quarterly Journal, No. XV. p. 222) that the storm was passing 
in a north-west direction with a South-east wind ; it is possible that the 
storm was delayed by the high Hascombe hills and the charged cloud thereby 
concentrated. The spruce fir was very prominent on the southern brow of 
the hill ; it divided into two arms nearly in line with the stem ; one arm 
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was thrown to the ground, the other blown down by the wind a few honrs 
afterwards. At the junction of the arms there was a great deal of torpentine, 
which was thoroughly blackened. In this case I should consider that the 
prominence of the tree made it the best communication to earth, and that 
the collection of turpentine at the juncture of the arms was raised to explosive 
temperature and split the tree. 

The cottage, haystack and two poplars on Dunsfold Common do not 
immediately suggest a cause of selection, but from their position the ground 
falls to the south-east in a wooded valley through which the Arun and Wey 
canal runs, and on the other side of this wooded valley arc the Alfold trees. 
Streams into the canal run from near all the objects struck, and though I 
hesitate to advance this point, it is possible that the earth electricity was 
thus able to collect more readily at these places than at others under the 
cloud. It would be exceedingly interesting to know if these three objects 
were all struck by the same discharge. 



Sketch of Thunoirstorm are^ or June 6*"& 7^1889. 

StUof 0hje/:Cf3trvueJc niarkuL hy \ 




On June 7th, the storm began with little warning at 1.10 p.m., and was at 
its height at 1.27, when there fell the heaviest rain known to the oldest 
inhabitant. About 1.30 p.m. the following objects were struck:— Near 
Vachery pond, a large reservoir for the Arun and Wey canal !{ mile south- 
east of Cranleigh, six oaks, a chestnut, and an ash, in various positions within 
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i mile of the pond and about ^ of a mile apart, a young fir and three yonng 
oaks in the middle of a copse on the slope of the gronnd near the pond, four 
oaks ^ a mile south of Cranleigh, one oak on Cranleigh Common, a chimney 
and stable 1 mile north-west of Cranleigh, besides the oak tree before 
mentioned at Alfold, and a single oak occupying a fairly prominent position 
on the slope of the high hills 2^ miles to the north-east of Cranleigh. This 
last tree was struck just before the rain commenced on the hill, and was split ; 
the other trees struck, during the rain, were only scored. 

Here the area of discharge extends along a line about three miles in length 
North-west and South-east, as on the previous day ; and with the exception 
of the Alfold tree before referred to 8 miles to the south-west, and the tree on 
the hill 8 miles north-east, all the objects struck were scattered along the line 
of railway, and at no great distance from it. 

It is not easy to see the cause of selection, for these trees were not the 
most prominent nor were they on the highest ground in the vicinity ; the 
only feature the groups possessed in common being that they were all 
either near ditches which were fall of running water, or else near temporary 
courses taken by the deluge of water from the higher to the lower ground. 
The most puzzling case is that of the young fir tree and three young oaks in 
the middle of the copse near Vachery pond ; they were not higher than the 
other trees in the copse, but there certainly was a temporary water course 
running close to them ; other trees, however, stood equally close to the water, 
and unless a large squirrel's nest of moss on the top of the young fir be 
called upon to account for the selection, it still remains obscure. Another 
curious case is that of the stable struck, which was overshadowed by tall 
elms, where it might have been supposed that these would have taken the 
stroke. 

Of the species of trees struck, the oak is the most frequent, and I am 
inclined to believe that the reason is not that there are more oaks than other 
trees in the neighbourhood, but that the roughness of the bark causes gaps 
of its continuity as a conductor ; elms, firs, poplars and chestnuts have been 
struck, but it is said that the beech is never struck.^ It has been said, also, 
that oaks are more frequently struck in the spring and other trees in the 
autumn, but this requires confirmation. 

The ii^juries to the trees are of two kinds : the first, by far the most 
common, is simply a score out of the bark up the trunk of the tree, out 
along one limb, and then by perhaps two or three branches to the outer twigs ; 
in some cases portions of the bark are blown off as well. A very good 
illustration of this effect is found in a paper by the Bev. 0. P. Cambridge, 
Qn the effect of a flash of lightning at Bloxworth, April 9th, 1886,* In these 
cases I imagine that the rain is falling, and one or more streams of water are 
running down the sides of the tree, forming a conductor which becomes 
insufficient, at the time of discharge, to carry off all the electricity, and 

^ The Action of Lightning, By Ool. Parnell, p. 27. 

s ThiB paper i0 in the Library of the Boyal Meteorologioal Society. 



282 MAOLEAB — ^ACTION OF UaHTNINO, CKANLEIGH, SURBET, JUNE 6 AND 7, 1 889. 

therefore becomes so suddenly converted into steam as to blow out * the bark 
along the line, and if there is communication with the sap by a knot, hole, or 
other flaw, the sap is also converted into steam and the bark blown off. 

The other form is the shattering of the tree, which I imagine to occur when 
the electricity is insufficiently carried off by the outer surface, and collects at 
the junction of some main branch with either the stem or with some other 
branch, where there is perhaps a cavity with water in it, or a collection of 
moist dead leaves ; the tree is then easily rent by the explosion of steam 
generated. K the tension be very great, and especially if the au: round the 
tree be dry, the sap may be violently exploded, and the trunk splintered and 
shattered as if by dynamite. 

Of the trees which I have examined here, the only ones shattered were 
those struck before the rain fell ; the others were scored simply, with bark 
blown off. 

In the case of the stable struck on June 7th, I can only think that the 
electricity collecting at the top of the overhanging elm tree found a better 
conductor than the trunk in the hot moist air escaping from the near gable of 
the stable, and the hot air expanding blew the comer tile off to And a better 
vent. As to the cottage on Dunsfold Common struck on June 6th, I can 
trace no cause for selection ; the appearance of the chimneys suggests an 
explosion of air. 

As the result of my examinations I can only say that the causes of selection 
of objects struck appear too slight to be readily perceptible, or to enable one to 
say beforehand that such and such an object will probably be struck. It seems 
that during rain every tree is conducting electricity, and a disruptive discharge 
takes place where the conductor becomes insufficient. This would depend 
on the position of the cloud, the amount of foliage on the tree, its condition 
of moisture, and its connection with running water. Also I may point out, 
as shown by Prof. 0. J. Lodge, that if an upper cloud should discharge to a 
lower one, the lower one may then discharge to earth violently without r^ard 
to any conductors. 

It would be desirable if those who have the opportunity of observing 
objects immediately after they are struck would note the surrounding conditions 
and proximity to water, and whether, in the case of trees struck during rain, 
the score is on the side on which the rain beats. 



PBOCEEDINOS AT MEETINGS. 288 

PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 

May 21st, 1890. 
Ordinary Meeting. 

Baldwin Latham, M.Inst.G.E., President, in the Chair. 

William Friese Greene, 92 Piccadilly, W. ; and 
Francis Holmes Phillips, 1 PrestonvUle Boad, Brighton, 
were balloted for and duly elected Fellows of the Society. 

The following Papers were read: — 

" Bainfall of the Globe. — Comparative Chronological Account of some 
OF the principal Becords." By W. B. Tripp, M.Inst.C.E., F.B.Met.Soc. 
(p. 198.) 

" Mutual Influence of Two Pressure Plates upon bach other, and 
Comparison of the Pressures upon Small and Large Plates." By W. H. 
Dines, B.A., F.B.Met.Soc. (p. 205.) 

"On the Variations of Pressure caused by the Wind blowing across 
the mouth of a Tube." By W. H. Dines, B.A., F.B.Met.Soc. (p. 1W8.) 



June 18th, 1890. 

Ordinary Meeting. 

Baldwin Latham, M.List.C.E., President, in the Chair. 

Clinton Coleridge Farr, B.Sc, St. Luke's Parsonage, Whitmore Square 
Adelaide ; 

Joseph ELall, Assoc.M.Inst.C.E., Town HaU, Torquay ; 

Charles Bobert Bivington, 74 Elm Park Gardens, S.W. ; and 

John Livesay Whitehead, M.D., Belgrave House, Ventnor, Isle of Wight, 
were beilloted for and duly elected Fellows of the Society. 

The following Papers were read: — 

'< On the Difference produced in the Mean Temperature derived from 
DAILY Maximum and Minimum Beadings, as depending on the time at which 
the Thermometers are read." By William Ellis, F.B.A.S., F.B.Met.Soc. 
(p. 218.) 

" On the Distribution of Barometric Pressure at the average level of 
THE Hill Stations in India, and its probable effect on the Bainfall of 
the Cold Weather.'* By W. L. Dallas, (p. 220.) 

" On the Belative Prevalence of different Winds at the Boyal 
Observatory, Greenwich, 1819-1889.*' Bv William Ellis, F.B.A.S., 
F.B.Met.Soc. (p. 221.) 

" On Some Becent Variations of Wind at Greenwich." By A. B. Mac- 
DowALL. (p. 226.) 

"On the Action of Lightning during the Thunderstorms of June 6th 
AND 7th, 1889, AT Cranleigh, Surrey." By Capt. J. P. Maclear, B.N., 
F.B.G.8., F.B.Met.8oc. (p. 229.) 
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CORRESPONDENCE AND NOTES, 

Conditions of Tornado Development. 

Lieut. J. P. Finley, U.S.A., in his Prize Essay on *• Tornadoes,"* gives the 
following as the conditions under which Tornadoes are formed : — 

Tornadoes form in connection with cyclonic areas of low pressure, '^to which 
they bear certain relations that can be defined. 

Not £ill low pressure areas develop the conditions necessary for tornado forma- 
tion, which are : — 1st. Unstable equilibrium ; 2nd. A gyratory motion of the 
air relative to some centre of circulation. The second condition is always 
present, to a greater or less degree, in every cyclone, but the combination of 
the two, the sine qua non of tomadic development, fortunately, for some very 
good reasons, occurs with much less firequency. 

There is good reason for the opinion that a certain form of the area of low 
pressure (trough-like, trending north and south, or north-east and south-west) is 
more conducive to tornado conditions than any other. Such a form of depres- 
sion brings in closer proximity the opposing conditions of heat and moisture of 
the north-west and south-east quadrants of the low, which state of things is 
especially favourable to the development of unstable equihbrium (the most im- 
portant factor in tornado generation) in the South-east quadrant. 

It is now no longer a moot question that tornadoes form in a certain quadrant 
(the south-east) of the low area which they attend. 

The reason for this is found in the fact that this quadrant is the great heat and 
moisture region of the low, and where the circulation of the warm moist air, 
underneath the cold, anticyclonic air currents from the North, gives rise to the 
development of unstable equilibrium. 

Not only is the South-east quadrant the tomadic region of the low, but it is 
also the region which gives birth to all \iolent local storms. All such disturb- 
ances depend upon unstable equihbrium as an initiatory force. 

The results of the study of tornado maps may be briefly summarised as 
follows : — 

1. That the tornado region is not coincident with area of lowest pressure. 

2. The tornado region is confined to the south-east quadrant of the low. 

8. The tornado region is several hundred miles south-eastward from the 
general storm centre. 

4. The south-east quadrant is the region of greatest heat and moisture in the 
low. As to moisture, the North-east quadrant is also prominent. 

5. The south-east quadrant is the local storm region of the low. 

6. The local storm region is within the belt of Southerly winds. 

7. The line of separation between Northerly and Southerly winds approxi- 
mately marks the limit of precipitation to the east and west. 

8. The area of precipitation moves eastward with this line. 

9. That along this line, on both sides of it, the heaviest precipitation generally 
occurs, and also some of the heaviest winds. 

10. The average wind velocity is generally highest in the south-west and 
north-west quadrants, followed next in order by the south-east quadrant. 

11. The highest wind velocities (25 miles per hour and upward) occur in the 
south-west quadrant, where they are also the most frequent. 

12. The] south-east quadrant stands next in order to the south-west for 
maximum wind velocities, both in number and degree. 

13. The north-west quadrant stands third in order, followed by the north- 
east quadrant with no maximum velocities. 

14. The maximum velocities are principaUy confined to the latter half of the 
day, especially in the south-east quadrant. 

15. As the low approaches the meridian of the tornado region the Southerly 
winds gradually increase in velocit^y^, the isotherms curve more to the north, the 
moisture increases and the dew-pomt rises. 

16. In the morning the highest wind velocities in the south-east quadrant are 
near the centre of the low, and during the afternoon and evening, near the 
centre of the tornado region. \Contimied on p. 286.] 

1 AnKitricmn MtUortlopical Journal. Vol. VII. p. 166. 
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17. In the south-west quadrant the highest wind velocities are most distant 
from the centre of the low in the morning, thereafter gradually drawing nearer, 
reaching the nearest point in the evening. 

18. Jn the North-west quadiant the conditions are similar to those in the 
south-west quadrant, except that the highest velocities are near the centre of 
the low. 

19. The wind velocities in the north-east are not particularly strong. 

20. The wind velocities here referred to appear to have important connection 
with the tornado region, especieilly those occurring in the south-west and south- 
east quadrants. 

21. The apex of the curve of high temperature is much nearer the centre of 
the low than the apex of the curve of low temperature. 

22. The tornado region does not coincide with the region of the highest tem- 
perature gradient, as shown by the surface observations, out lies to the south and 
east of it several hundred miles, being nearest about noon, and most distant 
about sundown. 

23. There are two regions of marked temperature gradient, the most decided 
lying between the northern portion of the South-east quadrant and the southern 
portion of the north-west quadrant, the other region lying between the northern 
portion of the south-west quadrant ajid the southern portion of the south-east 
quadrant. 

24. The tornado region (in the particular case under consideration) lies nearest 
the southern temperature gradient region. 

25. In some cases the tornado region lies about half-way between the two 
temperature gradient regions, and sometimes nearer the northern one, yet more 
frequently ne£urest the southern region. 

26. As practically the whole of the south-east quadrant of the low is subject 
to unstable equilibrium, it is rather difficult to say just where the most decided 
conditions will manifest themselves. In this connection it must be borne in 
mind that aU violent local storms result from unstable equilibrium, and that the 
hailstorm is a tornado above the surface of the ground. 

27. As the unstable equilibrium which gives rise to a tornado appears to first 
manifest its force in the cloud region, where the whirl always starts, it is not 
strange that the surface observations frequently fail to show a direct connection 
therewith. 

The tornado is there, and, with the aid of both local and telegraphic stations 
properly distributed, the weather chart may be able to farnish the desired infor- 
mation for prognostication. 

Observations at considerable heights, from captive balloons, may prove very 
useful in this connection. 




The Climate of Malta. 

In a paper on ** The Maltese Islands, with special reference to their geological 
structure," in the Scottish Geographical Magazine for September 1890, Dr. J. 
Murray gives the following account of the climate : — " The mean January 
temperature in Malta is 54°'5; the mean temperature of the three winter 
months (December, January, February) is 56°*0; the rainfrdl for the same 
months is 17°*5 ins., and during this time there are frequently hailstorms, but 
no snow. The mean annual temperature is 67^*3, and the annual rainfall 
24*23 ins. During the eight cool months the thermometer only on rare oc- 
casions falls below 50°, and does not rise above 71° or 72°. In summer the heat 
is almost tropical, the temperature ranging between 75° and 90°, and there is 
little or no ram. For three successive years — from 1467 to 1470— no rain is said 
to have feillen at Malta, and the islaiids suffered greatly from drought. In 
1852 only 8-27 ins. fell, and in 1866 only 10*49 ins. are recorded. 

" The Northerly wind is bracing, and sometimes approaches the force of a gale.^ 
In February 1889 this wind was so cold that in driving it was necessary to 
wear heavy fur coats and jackets ; and at times the wind was accompanied 
with such heavy falls of hail that the ground became quite white for an hour or 

I *' Oregal*," or Buroklydon.— Acts locTii. 14. 
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two. The South-west wind — the Scirocco from the African deserts — is very 
enervating; though this is a dry wind in Africa, it is in Malta charged with 
vapour, and while it is blowing, the pavements of the streets are wet, and every- 
thmg feels damp. There are no rivers nor marshes on the islands, but during 
heavy rains the valleys are filled with torrents. Springs are found at the 
junction of the upper limestone with the underlying beds of clay and marl. 
The rain is speedily absorbed by the porous rocks. Earthquakes are rela- 
tively frequent, and coincident with disturbances in the Eastern Archipelago." 



RECENT PUBLICATIONS. 

American Meteorological Journal. — A Monthly Review of Meteorology 
and Medical Climatology. July -September 1890. Vol. YII. Nos. 
8-5. 8vo. 

The principal original articles are : — Professor Elias Loomis ; by Prof, H. A. 
Newton (20 pp. and portrait). This is a memorial address reprinted from the 
American Journal of Science and Arts. — State Tornado Charts ; by Lieut. J. P. 
Finley (21 pp.). The States here dealt with are Florida, South Carolina, 
Minnesota, Mississippi, Kentucky, and Tennessee. — Trombes and Tornadoes ; 
by H. Faye (21 pp.). This is a continuation of articles from the previous Nos. 
— Prize Essays on Tornadoes (65 pp.). The Editors and Publishers of the 
American Meteorological Journal some time ago ofifered prizes for the best essays 
on Tornadoes ; and the August No. contains the prize essays in fall. The first 
prize was awarded to Lieut. J. P. Finley, and the second to A. McAdie. There 
were two essays judged worthy of mention, between the authors of which the 
third prize has been equally divided, viz. Prof. H. A. Hazen, and J. M. Bennett. 
— A new recording rain and snow gauge; by S. P. Fergusson (2 pp.). — Espy's 
experiments on storm generation; by Prof. H. A. Hazen (4 pp.) .—-Origin of 
Storms; by E. B. Garriott (4 pp.). — Forests and Soil Temperatures; by M. W. 
Harrington (13 pp.). 

British Rainfall, 1889. — On the Distribution of Rain over the British 
Isles during the year 1889, as observed at nearly 8,000 stations in 
Great Britain and Ireland, with Articles upon various branches of 
Rainfall work. Compiled by G. J. Symons, F.R S. 1890. 8vo. 
238 pp. and 5 plates. 

This contains the particulars of the rainfall from 2,708 records. The rainfall 
for the year 1889 was about 8 per cent less than the average. In addition to 
the Observers* notes and other usual information, there is a long article (26 pp.) 
on the Amount of Evaporation. Mr. Symons gives an account of the experi- 
mental observations which were carried out at Strathfield Turgiss some years 
ago, and also describes the various evaporators used. The Httle tin vessels 
called evaporators were soon found to be utterly worthless, being so much 
affected by temperature. A galvanised iron tank, 6 feet square and 2 feet deep, 
and sunk in the ground so that the rim was 8 ins. above the grass, was found 
to give the best results, and regular observations have been made from this 
tank at Strathfield Turgiss from 1870 to 1888, and since then at Camden 
Square. The mean annual evaporation was: Strathfield Turgiss 1870-88 
(14 years) 18-03 ins. ; and Camden Square 1885-89 (5 years) 14*54 ins. 

Cyclone Memoibs. Part II. Bay of Bengal Cyclone of August 218t- 
28th, 1888. Published by the Meteorological Department of the 
Government of India under the direction of J. Eliot, M.A., Meteoro- 
logical Reporter to the Government of India, 1890. 8vo. 188 pp. 
and 18 plates. 

This paper has been written by Mr, A. Pedler, Meteorological Reporter to the 
Govemmcut of Bengal. The storm was luidoubtedly one of the class which 
usufi^y forms diuring the rainy season in the Bay of Bengal, and not of the clasa 
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of the fierce cyclones which are generated at, what are called, the transitional 
periods, i.e. fi-om April to the end of May, and from the middle of September 
to the beginning of November. But though it was of the feebler class of storms, 
called the cyclonic storms of the rains, the storm in question was in one quadrant 
at least of force almost equalling that which is usually experienced in the most 
destructive cyclones, and was of sufficient force to almost cause the loss of one, 
if not of two vessels. The storm was generated close to the land at the head of 
the Bay of Bengal, within a few miles of Saugor Island. This area has in its 
neighbourhood several meteorological observatories, and thus affords an excellent 
opportunity of watching the meteorological conditions which precede and ac- 
company the formation of such a storm. The northern half of the storan after 
its formation was well over the land, and was of feeble character, as was also 
at first all the area near the centre of the storm, but in the southern half, which 
lay over the sea at a considerable distance from land, the cyclonic winds were 
extremely violent, and an attempt is made to account for the more remarkable 
distances in the wind-force in different parts of the storm which are here indi- 
cated. It is shown that at first the fierce part of the storm was confined 
to an area from about 90 to 200 miles to the south of the centre, but that as the 
storm passed inland the area of strong winds gradually closed up and came 
nearer and necurer to the centre. Another point of importance in the storm was 
the ffiwjt that the centre of the barometric depression was many miles to the 
south of the centre of the circulation of wdnds, which fact is perhaps connected 
with the distribution of the strength of the winds in the storm. The storm was 
also remarkable for the slight barometric depression which accompanied it when 
the excessive force of the winds is considered, and was very noticeable for the 
particularly heavy wave of rainfall which was brought up in its rear. Finally, 
there was another interesting feature in the storm, inasmuch as it was formed 
while there was a second, but smaller, storm already in existence, which had 
been for some days travelling across India in a westerly direction. 

Hand-Book of Ctclonio Storms in the Bay of Bengal. For the use of 
Sailors. By John Eliot, M.A., Meteorological Reporter to the Govern- 
ment of India. 1890. 8yo. 212 pp. and 29 plates. 

The object of this volume is to give the mariner who navigates the Bay of 
Bengal an accoimt of the dangerous storms that occinr in it, to state and explain 
the signs and indications by which he may ascertam when he is approaching a 
cyclone, or that a cyclone is forming in tnat part of the Bay which he is tra- 
versing, and to famish him with information and methods by which he may 
ascertain sufficiently for all practical purposes the bearing or direction of the 
storm-centre, and of the path of any cyclonic storm he may meet with in the 
Bay. The subject is treated under the following heads: — (1). Explanation of 
meteorological ideas and phrases and of some of the more important principles 
of the science; (2). Description of the chief phenomena of cyclonic storms in 
the Bay of Bengal, and explanation of methods of ascertaining the existence, 
position and course of cyclonic storms ; (3). Brief account of six of the most im- 
portant and typical storms in the Bay of Bengal during the past 25 years ; and 
(4). Summary giving brief practical hints respecting storms for the use of sailors 
navigating the Bay of Bengal. 

Journal of the Asiatic Society of Bengal. Vol. UX., Part II., No. 1, 
1890. 8vo. 

Contains a paper by Mr. J. Eliot, entitled " On tlic occasional inversion of the 
temperature relations between the hills and plains of Northern India " (50 pp.). 
The paper really consists of tlireo parts: — (1). A statement of the normal meteo- 
rological temperature conditions of the plain and hill districts of Upper India in 
the month of January, and of certain meteorological conditions and actions 
upon which temperature mainly depends; (2). A statement of the more striking 
abnormal relations of the month of January 1889 and of the cold weather period 
generally in Upper India; and (3). A discussion of the causes which produce these 
unusual conditions and temperature variations. The author shows that inversion 
may occur over very large plain areas, and that it has, in some cases at least, 
little or nothing whatever to do with air motion between hiUs and valleys. He 
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also shows that the vertical temperature relations during the cold weather in 
Northern India are much more variable and complicated than they have been 
hitherto supposed to be, and that the descensional motion which accompanies 
cooling of the air during the night in fine clear weather is almost entirely one 
of slow compression, and is not the opposite of the ascensional and convective 
movement which takes place largely during the day. 

Meteorglogioal Observations made at Sanchez (SamanA Bay), St. 
Domingo, 1886-1888. By the late W. Reid, M.D. Pablished by the 
Authority of the Meteorological Conncil. Official No. 89. 1890. 
4to. 64 pp. 

Saman& Bay is a large inlet at the eastern end of the island of St. Domingo. 
The observations were taken every two hours firom 6 a.m. to 10 p.m. during 
1886 and 1887 ; and at 7 a.m., 9 a.m., 2 p.m., and 9 p.m. during 1888. The 
following are some of the results for each year : — 



Year. 


Temperature. 


Mean. 


Mean 
Max. 


mTo" H^«*^-*- 


Lowest. 


1886 
1887 
1888 


78-0 
77-2 
77-2 


86-0 
85-4 
84-8 


69-9 
69-0 
70-1 


( 

960 April 3 
92-6 October 8 


69-8 July 6 
58-5 March 4 


Year. 


Sunshine. 




Rainfall. 




Hours. 


Total. 


dvs! ^^t^"* '»"• 


1886 

1887 
1888 


2801-4 
2431*4 


ins. 
91-96 
65-73 

85-85 i 


ins. 
160 6-00 April 4. 
' 5-50 May 16 
4-60 April 27 



Meteorolooisohb Zeitschrift. Redigirt von Dr. J. Hann imd Dr. W. 
KOppen. July- September 1890. 4to. 

The principal articles are : — Zusammenfassung der Resultate der Barometer- 
vergleichungen von Waldo, Sundell und Brounow, 1883-87 ; von Dr. W. Eoppen (12 
pp.). This is a criticism of the results of these three comparisons of standard baro- 
meters, which were carried out between 1883 and 1887. It is satisfactory to learn 
that Dr. Koppen finds that the alleged diflferences between standard barometers 
do not exist, and that these instruments all fairly agree together. — Messungen des 
normalen Potentialgofalles der atmosphiirischen Elektricitat in absolutem Maasse ; 
von J. Elster und H. Geitel (13 pp.). — Der Wolkenbruch auf der Kii-Halbinsel, 
Japan, am 19 August 1889; von E. Knipping (11 pp. and 2 plates). This is an 
account of a terrific fall of rain and consequent devastation by floods which was 
produced by a slow moving typhoon in the south of the Island of Niphon. At 
one station, Tanabe, 85-5 ins. fell in 17 hours; three other stations had about 
half that amount. The number of lives lost was 1,502, and 400,000 people were 
rendered homeless. The number of trees washed away in one district is 
estimated at 200,000. — Vorandcrlichkeit dor Tapjcstomporatnr in Japan; von E. 
Knipping (6 pp.). This discussion shows that the variability of temperature in 
Japan is moderate, as might be expected from its insular climate. — Ueber wan- 
dernde Funken ; von F. vonLepel (4 pp.). This is an account of the reproduction 
of ball lightning, as already announced by Plants in the Comples Benelux for 1875-6. 
Herr von Lepel has produced them by a simpler process, for which reference 
must be made to the paper. The appearance of balls intlicates a very 
weak tension, a very slight increase of tension produces a red spark instead 
of a ball. — Ueber das allgemeine Windsystem der Erde; von W. von 
Siemens (8 pp.). This is an answer to some remarks of Dr. Sprung's, in the 
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fonn of a reprint of Siemens' paper in the Sitzungsberichie of the Berlin Academy. 
It is a purely theoretical paper showing how far the author agrees with Ferrel, 
or the contrary. — Bemerkungen iiber die Temperatur in den Cyclonen und Anti- 
cyclonen; von Dr. J. Hann (16 pp.). This is a very convincing reply to the 
utterances of Prof. Hazen in Science, who has asserted that all Dr. Hann's 
statements as to the distribution of temperature with height in mountains are 
worthless. Dr. Hann, by carefiil reasoning, shows up Prof. Hazen*8 mistakes. 
— Die Veranderlichkeit der Temperatur auf den britischen Inseln, 1869-1883; 
von R. H. Scott (8 pp.). This is an abstract of Mr. Scott's paper in the Pro- 
ceedingB of the Royal Society on the variability of temperature. 

PBOOEEDINaS OF THE RoYAL SOCIETY. Vol. XLVIII. No8. 292-294. 8vo. 
1890. 

Contains : On the barometric oscillations during Thunderstorms, and on the 
Brontometer, an instrument designed to facihtate their study : by G. J. 
Symons (9 pp.). During some heavy rains and during some tnunderstorms, 
the barometer rises and falls rapidly and irregularly. In order to ascertain the 
cause of these variations, the author considers it necessary to determine precisely 
the sequence of the various phenomena, and the times of their greatest 
intensity, and for this object he has devised in conjunction with MM. Bichard 
Fr^res, of Paris, the instrument which he terms a Brontometer, or Thunder- 
storm measurer. This is provided with endless paper, 12 ins. wide, travelling 
under the various recording pens at the rate of 1 2 in. per minute, or 6 ft. per 
hour. The velocity of the wind is continuously recorded by one of Richard's 
anemo-cinemographs, and the atmospheric pressure by a modified form of their 
statoscope, which is so dehcate as to give 30 inches for each inch of the 
mercurial barometer. There are mechanical arrangements whereby the 
observer records : (1) the commencement, variation in intensity, and tenmnation 
of rain ; (2) the instant of each flash of lightning ; (3) the commencement and 
duration of each clap of thunder; and (4) the commencement, variation in 
intensity, and termination of hail. — On Wind Pressure upon an inclined 
Surface ; by W. H. Dines (25 pp.). This is an account of some experiments 
made on the lar^e whirling machine at Hersham, somewhat after the plan 
indicated in Mr. Dines's papers on p. 205 of the present No. of the Quarterly 
Journal. 

Symons's Monthly Meteorological Magazine. Vol. XXV. Nos. 294- 
296. July-September 1890. 8vo. 

Contains among other information the following articles : — ^Areas of rare- 
faction or Depressions : by the Rev. G. T. Ryves, Dr. Muirhead, Prof. Hazen, 
and W. H. Dines (7 pp.). — The great rain of July 17th, 1890 (1 p. and map.). — 
Phenological Observations (1 p.). — Solar radiation thermometers; by Prof H. 
McLeod (2 pp.). — Sunburn (8 pp.).— The Climate of Brighton; by F. E. 
Sawyer (2 pp.). 
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Pole Star Becorder, 188. 
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Proceedings at the Meetings, 64, 134, 186» 

233. 
Publications, BeCent, 70, 139, 190, 287. 



INDEX. 



248 



BainfaU in China 1889, 235. 

in Clare and Galway, Sept. 1st, 
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Stanton (Maj.-Gen. F. S.) elected, 65. 

Stations, Inspection of, 98. 

St. Elmo's Fire at Walton-on-the Naze, 

15. 
Stone (T. W.) elected, 65. 
Sunshine, 61. 
— ^ Recorders, Comparison between, 

20. 
Swiney (J. H. H.) elected, 65. 
Symons (G. J.), On the Rainfall of the 

Riviera, 44, 136. 

TapBcott (R. L.) elected, 65. 
Temperature, Change of, ,with Thonder- 

storms, 12. 

Mean, 213. 

of the Air nocturnal, 189. 

Thorpe (A.), Remarkable dis^i^ of Lijdit- 

ning in the New England JDistriot, New 

South Wales, Dec. 1888, 68. 
Thresh (Dr. J. C.) elected, 64. 



Thunderstorm and Whirlwind at York, 
March 8th, 1890, 169. 

■ Committee, Second Beport 

of the, 1. 
Thunderstorms, Action of Lightning 
' during, 229. 

— ^— and change of tempera- 
ture, 12. 

— over England and Wales, 

1871-1887, 1. 

Tornado development, Conditions of, 284. 

of March 27th, 1890, 187. 

Vine (J. A. F. de) elected, 134. 

Wallis (H. S.) elected auditor, 66. 

Watson (A. E.) elected, 184. 

—On the possibility of fore- 
casting the weather by means of 
monthly averages, 178. 

Weather forecastmg, 178. 

Whipple (G. M.), A brief notice respecting 
photography in relation to Meteoro- 
logical work, 141. 

■ On the change of mean 
daily temperature which accompanies 
thunderstorms in Southern Gngland, 
12. 

Whirlwind and thunderstorm, at York, 
March 8th, 1890, 169. 

Whitehead (Dr. J. L.) elected, 233. 

Willoocks (G. W.) elected, 65. 

T^lUams (J. A. B.) elected, 65. 

Wilson-Barker (Capt. D.), Cloud Nomen- 
olature, 127. 

Wind at Greenwich, Becent variations of. 
226. 

^Foree Committee, Beport of the, 

26. 

^^d Pressure, 208. 

Winds at Greenwich, 221. 

Woods (E.) elected, 65. 

Tork, Thunderstorm and whirlwind at, 

on March 8th, 1890, 169. 
Young (B. G.) elected, 184. 

Zelenoi (Capt. N.) elected, 65. 



THE END. 



\i 




